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I. INTRODUCTION
I

A. Contract Objectives

This report describes the results of a_ investigation of the transfer of

innovations arising from the Nation's space effort to the fields of medicine.

] .
Empha.qis was placed on those areas dealing with the acquisition, measurement,

i] processing, interpreting physiological data, upon
and of and related medical-

mechnical and medical-electronic techniques. To determine the "spin-off"

-
effects of space research and technology on these areas of medical a_,d biological

research, relevant socio-economic and historical were reviewed, and
factors

these factors related to the amount of transfer which has been observed.

B. Justification of Interest

i Research programs dealing with the biological aspects of space flight, physio- =

logical monitoring and selection of astronauts, miniaturization of electromc devices,11 '
improved reliability of equipment, and new m_cerials technology represent sig-

_l nificant expenditures of space program funds. The likelihood of finding any

l regular transference of techniques or knowledge from aerospace activities to
the non-space related fields cf medicine depends mainly upon the extent to which

space and non-space needs and goals are consonant. We believe that in the above

mentioned areas of activity there are such matchings. The existence of mutual

needs and goals is not sufficient, however, to insure transfer from one field toi

bio-d2narnics , inc.
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_._ J another. Such transfe, must be contim:ally stimulated and encouraged,

primarily through the dissemination of information regarding research results.

1 The responsibility for actively promoting the rapid dissemination and adoption

of government supported research results or innovations which potentially may

]_ produce significant benefits to the public resides at the highest level. However,

t!
such activities are not without risks, in some cases the government may find

._ itself in the position of thereby destroying the initiative for industry sponsored

i] research in the same areas, or of unintentionally favoring one private profit-
• making enterprise over another due tc chance factors (such as geographic loca-

tion, personal contacts, etc. ). This is not likely to happen in the transfer of

information or innovations into the life sciences, since the bv5k of research is

already government or institutionally supported. The humanitarian appeal of

active efforts to advance the medical sciences lends support to activities by

l government agencies in promoting the dissemination and adoption of their inno-
vations in this area.

H Communication of information bet-_'een disciplines, or even from mission-

R oriented research to more general applications within _he same discipline, is a
highly complicated process. Adoption of new techniques by medical practitioners

I with responsibilities for patients is highly dependent on the method of communica-

i tion, the communicator and the nature of the inncvation. To effectively reach
t,he various medical specialties may require that NASA utilize communications

!
l bio-d_narnic s_ inc.
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[_ 1 channels other than those presently routinely used. For this reason it isI!

important to assess the effectiveness of present NASA dissemination techniques

and develop recommendations for improvements if appropriate.E
k

C. Summary

i /_ _ _xamples of interdisciplinary innovation transfer, results of interviews
J

and questionaires, and a literature review have been used to develop a series

of recommendations for improving the transfer of space technology innovations

into the life sciences. A number of specific instances of transfer have been

documented, but the general impact of aerospace stimulation of entire fields

1 of endeavor appears to be a more significant effect. NASA procedures for

disseminating information have been compared to those of several other agenc :es

and the implications of the differences discussed. It is concluded that there is

1 evidence of a "spin-off' of space technology into biomedicine, that the rate of

transfer can be improved, and that active efforts to produce transfer are justi-

'] /

i liable. _____. ,

I
t

I
[

I
I
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II COMMUNICATIONS IN THE LIFE SCIENCES

A. Communications Char_uels

• The diffusion of innovations within the life sciences is effected through the

use of a great variety of formal and informal channels of communication. These

channels are identified in the following paragraphs, and a discussion of their

effectiveness will be presented in later sections of this report.

1. Formal Communications

Formal information communications include publications in scientific

U journals, presentations at technical meetings or symposia, scientific books,

technical reports, and formal instruction (_hort courses, refresher courses,

etc. ). The effectiveness of formal publications is enhanced by abstracting and

review articles or services, dissemination of reprints (often through industrial

sources if manufacturing of the innovation is underway), citations in the poFular

news media, and through a variety of other formal and informal intermediate

communications. Formal communications generally have the disadvantage of

H reaching only a very restricted audience until a considerable time period has

H elapsed since the original research finding was made. In the field of psychology
it has been determined that on the average 18 months elapse from the time a

g research project starts until work reaches a report stage (1). An additional 18

months generally elapses before a journal publication appears, then 12 more passH
before the article appears in Psychological Abstracts, and another eight months

I
I bio-d_namics, inc.
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I pass before the article is cited in the Annual Review of Psychology. Pubhshed
[ !

programs from scientificmeetings may greatly encourage informal communica-

I tions among interested scientists and the information originator, but such pro-

I grams are often not wlci_l 5 disseminated. Technical reports released to ASTIA

and subsequently to OTS may diffuse out to the general public in four or five
I
I months, but ASTIA and OTS abstract or reference sources are not universally

read by non-governmental life scientists. Among those medical practitioners

contacted in the interview phase of the pr:_sent study, none regularly used A::I'IA

or OTS services. Formal communications channels can produce rapid dissemina-

-1 tion of information within the origina_orls own subspecialty, but with the excep-

tion of certain interdisciplinary 3ournals and syn_pozia, may not reach scientists

i[ in other subspeciaities, even within the same acaaemic discipline, until a year

i_[ or more has elapsed.

2. Informal Communica _ons

Informal information communications include conversations, lett,._rs,phone

1 calls, review of progress reports or grant requests, citations in popular news

media and informal seminar gatherings. Conversations may include those with t:
I1 L

[_ the originator of the information as well as those wi'_h individuals whose role is i!i

'I1 solely that of transmission or conveyance. In certain specialties within the life
i -

sciences great emphasis is placed on personal contact communications, as

ii '
evidenced by survey results, reported in subsequent sections of this report.

_ inc. --_,bio -d_,nm-nic s I

1965007331-008



-6-

Informa_ communicatiors can produce rapid diffusionof rese_ c_ findings among

small groups of researchers, but are not reliable in this respect. Abz]/ty and

opportunity to informally communicate information from the oriFinator to the

user varies widely among individu',A scl_ntists. Profesnlonai inforr_ation convvyors,

ii such as the detail men retained by pharmaceutical firms, effec_ivel_ communicate
I'
/ ]

!I with some physicians, but not with cthers. Salesmen or applications engineers

representing biomedical instrumentation manufacturers do not reach many

potential users, and have varying success in communicating with life scientists

] once a contact is made. Informal communications are valuable adjuncts to formal

,lq communications, both in guiding th_ user to the appropriate.formal reports and

in expanding the information formally presented. Informal communications

frequently result from contacts made at _orrnal meetings a_nd are therefore at

_] least partially dependent on the travel funds available to a scientist. It is repor-

ted that many scientists "maintain closer professional contact wi_h scientists

hundreds or thousands of tniles away than they do with the institutional colleagues

with ;:,horn they have lunch" (2).

B. P_ot)lems in Biomedical Communication

H The rapid expansion in lifescience research and the _esul_ing enlargement

U of know!edge has severely taxed existing communications channels for diffusing

new knowledge an_,innovations to the pc+.entialusers. Much of this research has

U been government supported. For example, financial support from the Federal

i

i bio -d_rn_nics_ inc.
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Government for medical and health-related research alone was expected to

exceed one billion dollars in 1963 (3). Communication of research results,

and particularly those of government sponsored investigators has become of

, great concern to the Federal Government. This concern was highlighted by a

recent statement by the late President, John F. Kennedy:

"One of the major opportunities :or enhanci_ the effectiveness of our

national, scientific and technical effort and the efficiency of Goverment :..

management of research and development Lies in the improve_ent of our _',.

• I abih!v to communicate Luformation about current research efforts and the

i| results of past efforts". (4) i
]

Considerable progress has been made in improving the formal dissemination i
I

i

I of government sponsored research results (see Section IV of this report), but

!| much remains to be accomplished. Scientific journals represent the prir-_ary

storehouse of technical knowledge, and through such encouragcme,-ts as exten_-

1 sion of the page-cost allowances to certain research grants additional lif.:-

] science publications are appearing. However, effectiveness of scientific journal,_

in interdisciplJ_._ary communication is limited, and the time delay between _ub-

! I mission and publication of a paper may range from three months to two years.

B;bliographies of research reports compiled by the Office of Technical Rervices

and review articles or bibliographies issued by various government agencies

[1
may serve to alert scient:'sts to the existence of unpublished technical report_

i]I "

I
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i which they might riot ._tberwise discover, but again the time delay and the

:' re_rieted audience receiving m'tne-ncement of ti,ese r_l-_rts are limiting

_ factors.
j:

_ ;,: It is impractical for any scientL_t to attempt to review all of the published

_ - biologicM science papers, the yearly volume now exceeds 150, 000 articles and

"- !_ " _': is increasing at about ten percent annually. The number of journals containing

_:i_,_= : articies related= to _medicine is also rapid_v_ expanding. In 1_58 the National

_ - L_rary of Medicine had approximately 13, 000 such journals 15)-

4 - Research is underway on many fronts to improve scientific documentation

" _: . _roced_res. For example, the Institute for the Advancement of Medical Com-

mtmica-tion, under the sponsorship, of the National Institutes of HealS; and other

agencies is studying "the metabolism of biomedical information from generation
.L

_ _ to utiliz" ation, and of medical practitioners _ use of available information" (6).

. _ The National Medical Library _s perfecting MEDLARS, a ccmr, uter based storageand retrieval syste_._ _teveloped by General Electric, which will regularly produce

:._ bibliogr _aphies. in fairly broad areas, provide specialized bibliographies, and

: org_mize and print.out Index Medicus. Biological Abstracts r_cently introduced

a new listing method in an attemptio meet the specialized irJormation needs of

- individual scientists. The new system is a permuted word indexing known as

tt_IC (I_ord-in Context) which alphabetically lists under each heading those

ti*.les of articles which contain the keyword (7). However, for the individual

_= bio-dyu_znics_ inc.
\
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scientist information retrieval will remain a problem i_ the immediate future.

Information dissemination and retrieval problems differ from specialty

1 to specialty, and may be particularly severe between disciplines. To obtain

] : relevant information from another technology for the solution of problems within
uJ

a particular field may require Lhat the scientist utilize unfamiliar reference

f_ois. Commumca_i_a cf _pw developments is more highly organize d in some

: fields than in others, particularly in those undergoing a rapid expansion of know- !

ledge. In general, scientists working in areas at the fringe_ of science have• ?

little trouble keeping up to dat_. For e_nple, according to a recent article (8)

molecular biologists keep abreast of developments in their field by means

L

of personal communication Such a system provides speedy dissemination,

the capacity for immediate evaluation, and rapid feedback of relevant or con-

-U flicting information. However, reliance upon personal communications is _:

obviously impractical in large fields of technology where the vast number r

il =
of individuals revolved and the amount of information generated is such that

U "a more serious difficulty exists, one that has been described informa-
as an

tion crisis" (8).

N
N

n
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. As new fields emerge and the number of scientists working in the area

. increase, formal communications media appear in response to the needs for

information dissemination. The number of individuals working in the areas of

i i! bioelectronics and bioastronautics has expanded beyond the level where personal

communications are adequate for keeping abreast of developments. For example,

il the 1963 Bioelectronic Director_lists nearly 1300 senior individuals who reported
_ that they were working in the field of bioelectronics. The developing literature
I ,

. I_!

_.__._ in these fields is of concern to the present study since space technology innova-

il

tions relevant to non-space related biomedical research or practices will

usually be communicated through this literature. Product description periodicals

(such as Medical Electronics News), technical journals (such as Medical Elec-

U tronics and Biological En_ineerin_ or LEEE Transactions on Bio-Medical Elec-

r]

tronics), conferences (such as the Annual Conference on Engineering in Medicine

,_ and Biology), and n,'_nerous symposia presently serve as specialized formal
I1

L. _ communicat;.on channels in bioelectronics. These channels supplement the more

general instrumentation, electronics, and life science journals by carrying a

higher density of information specific to the interdisciplinary aspects of bio-

electronics. Unfortunately a large proportion of the scientists working in medical

bio-dTnamics, inc.
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a_-eas do not regularly use, or are not aware of this interdisciplinar7 literature,

nor of the abstract and indexing sources which cover it.

Although the nu_nber of individuals practicing medicine and the rate of

medical information generation are so large as to preclude relying on unorganized

personal communications as the major information dissemination technique,
,,

! little is known concerning techniques to improve personal interchange. The

i necessity for personal interchange in effectiw medical communication has often
I

been repeated, and the stated reasons are diff1¢ clt to challenge.

I
! "The practice of medicine is in large measul-e still an art--much more so

than engineering or architecture. An art is better learned from participa-

tion, observation and discussion than from the best planned exposition or

I formal presentation" (2).

Personal communication is widely used by pharmaceutical firms in promoting

their products within hospitals and medical teaching institutions to disseminate

new developments and techniques, and even within government health agencies

fgr the rapid dissemination of ideas and information. Among those personal

communication techniques which have been successfully employed by the National

I Institutes of Healt}:(N/I-I)are the Study Sections, Review Committees, and !i
{
i

i
-i

i

!
l

1
] bio-dynamic_, inc.
I

1

1965007331-014



/,

%--

i

-12-

Special Advisory Groups. These groups, formed of leading authorities in their

i field and representing institutions throughout the country, "form a umque frame-

!,
work of communication in the bio-medical science community" and are "one of

i

•_ the most vital and productive of the informal communications process" (2).

j However, members of these groups are not necessarily exposed to the innova-J tions resulting from research efforts supported by NASA or by other agencies

;I _ outside of the NIH. ?

The interdisciplinary approach to problems in the life sciences has been
P

_ increasingly evident in recent years. Effectiveness of this team effort has been

I _ dramatically demonstrated in a number of instances, even to the point of esta-
,- blishing new academic disciplines to exploit specific combinations of backgrounds

(for example, biophysics, biochemistry, health physics, and bio-medical engineer-

H •in g). These interdisciplinary groups may help to bridge the communications

gaps between the physical, engineering, and biological sciences. At present,

the scientist not connected with a large institution may have little or no contact

with personsable to discuss problems in his field and relate them to advances

in another field. In particular, there is a continuing need to reach the life

scientist operating within a narrow specialty, discover the problems for which

_ bio-d_rnamics, inc.
i!
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1 he needs solutions, and communicate to him the relevant new technology in other

fields, if this must be accomplished through informal communications channels,

then additional knowledge will be needed regarding techniq,:es for the development

and encouragement of personal interchange.

C. A Survey of Communications Habits of Selected Bio-Medical Scientists

A group of 86 bio-medical scientists in the Boston area were interviewed

'] to ascertain their communications habits, the ne_ds for irmovations or improve-
.J

ments within their specialties, and what recent developments within their

-I
specialties were regarded as the most significant. Those persons interviewed

J

_I are tabulated by discipline in Table i, and by institutionalassoclation in Table 2.

The communications habits and preferences for information sources expressed

by the representatives of the various academic disciplines are described in the

i] Needs for innovations and significant recent developmentsfollowing paragraphs.

in these specialties are described in Section V of this report.

1. Biochemistry - Seven biochemists were interviewed, four of whom were

medical doctorof medicine, and two were Ph.D. 's
doctors, one was a veterinary

in biochemistry. This group expressed a strong preference for technical publica-

Jl
tion of their own work as a means of disseminating research results, but regard-

ed personal contacts as the best source of new ideas to apply in their work.

"They regarded their field as one in which developments were occurring at a
rapid pace and that the up-to-the-minute nature of personal contacts was essen-

tial to keeping track of current developments. As a group, they made extensive

11 bio=d_rnamic s, inc.
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TABLE 1

Summary of Fields or Specialties Obtained During
- Interviews of 86 Medical Scientists_
J r

I_ Anatomy Neurology
Ane sthe sio logy Ne u rophys io lo gy

I Audiology Neurosurgery
Bacteriology & Immunology Obstetrics & G_neeology
Bio-Engineering Occupational Hygiene

I Biophysics Opthalmology
Cardiac Surgery Optometry
Cardiology Oral Pathology

'i Cardiovascular Orthodontics
Surgery

ii Dental Medicine Orthopedic Surgery

,_ Dermatology Pathology

"!i t i Ear, Nose, & Throat Medicine PeriodontologyEcology Pharmacology
.. Gastroenterolegy Physics

Genetic Ph iolo
s ys gY

,J Gen!to-Urological Surgery Pulmonary Physiology

_ _ Geriatrics Radiobiology

[i Hematology Renal Physiology
I Information Retrieval t_espiratory Physiology

Legal Medicine Sanitary Engineering

Mathematical Biology Teaching (Medical)
Medical Administration Thoracic Surgery

Veterinary Medicine
• 86 individuals from 23 institutions or non-profit organizations, five industrial or

profit-making concerns, one state government department, two self-employed.Included are individuals representing 47 fields or specialties.

I
I
i

|
I
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use of abstracting journals and cross-indexing sources in accessing information

sources. The group was sharply divided among those who actively sought out
P

new innovation information from industrial literature, equipment exhibils, and

demonstrations, as opposed to those who sought to avoid such contacts as much

as possible.

2. Biophysics - Ten biophysicists were interviewed, three of whom were

medical doctors, five Ph.D. 's, one DDS, and one MS. This group was unanimous

in the expression of the dominance of personal contact as an information exchange

channel. They tended to downgrade technical meetings as an irnpcrtant communi-

cations channel, although symposia were regarded somewhat more favorable

than the convention ype of meeting. Journals were frequently regarded as

important sources of information, as was course instruction offered in area

institutions.

3. Radiology - Six radiologlsts were interviewed, only two of whom were medi-

ca/ doctors..,This group was heavily dependent on industrial literature or

reports, government reports, and technical journals as sources of information.

They favored journal publication of their own research findings as a means of

dissemination. Most of those interviewed expressed a need for better access to

government documents, reflecting the dominant role of governmex.: sponsorship

in radiation research. One interviewee expressed great dissatisfaction with

acc_ ssibi!ity of NASA documents in this field.

4. Bioengineering - Seven bioengineers were interviewed, five uf whom have

doctorates in their academic disciplines. These h_dtviduals tended to disseminate

bio-dynamics, inc.
]
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,'- _ information prku_fly on the basis of personal contacts, much of this in the

I _ course of providing consulting assistance to lff_- scientists. As a group they
j .-

n- _ did not express a preference for scientific journal_ over mee_h_ 2s huformation

;: sources, although sevei_l who were research oriented did. Several of the

;_-::_.-_\)_-:.-: gT_u_ were_employed by industry,_i- by government- agencies and utilized in-

_-_-_ ".house.rd_ASTIA _6cuments extensively. In general the bioengineers serve "

_-__._, _._"-__e_t_rs_ of-'neW_ engineering and physical science technology into the

__-_.i.ences_-e:t,_ey'.tmaz_terconcepts, memoas; aria mate rlms ]rom one .

.._J_--_ _._. __b_an'dth_r and frequently review new" advances in technologies for

;#__ .__;_--_-'-':;possible application to-spe.cific biomedical problems.

_.__-_ :_-5_.:--_tdteri01ogy and Immunology -One bacterlologlst and one Immtmologust

 othre  ed con c s ins  ions ( iversities).
_, _1.-.'_-"; =, -., - . - . ....
_-_,_7. _.,. " rapid-.publication technical _ournals such as Science, interd_sclplmaz_ journals

._ -!._ :"_ .. _:__ . _ - . _ _. - . . •

L--,._-':_;'_-such_as_ScientificAmer-ican, and texts as valuable sources of new information.
_:_i-""': "f_''_;-"" " _ " =

m

_i_?_Stg_:/:, Berth,of these mdxvi.duals considered large meetings as of httle value to their

=_"_":_,_ 6. - _-l_'_cology - One pharmacologis_ was interviewed, the director of

@__ -'_:'_. "'. _-_,se._trC_of\a drug company. This individual regularly reviews a large number

_-_--;-,.,:_-._..-"-,,__ .:,,- :..
_.'._;,_: _:, .'ol-_i.'Cal _ds and attendsa large number of scientific meetings, Informa-

__/t -_i_-_UQb_Ai_"eafl_r°ugh these sources is often further dissemh, ated through his own

_ .
.-it--.__';_ %: '"/_:CaxdtOl_gy -4_i_cardiologists were interviewed. All of these physicians

_-E;_;_.":'_J,Z#,'ft_'-_Ot .l_-tLme ehgLneezing assistance to aid in their research or practice.

y-
IL J _ inc.

t_ \ 2 .-_'_'_''.,_'L-'_,'_._..-.._....:__,, .-
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All of the cardiologists maintain close industrial contacts (biomedical instrumen-

1 tation firms) or close contact with engineering groups in local universities.

Personal contacts with colleagues were regarded as more important than formal

meetings or journals as sources of information. Informal seminars in which

representatives from a biomedical instrument manufacturing company lectured

were also mentioned as a valuable interdisciplinary information source by
r

cardiologists from one institution.

8. Cardiac Surgery - Three cardiac surgeons were interviewed, two of whom

are practicing surgeons, the third concentrating in research. The practicing

surgeons regarded meetings as most informative and technical journals second

i} in importance. The research surgeon depended primarily on journals and per-

!] zonal contacts as communi cations chamlels.
9. Hematology - Two hematologists were interviewed. Both considered per-

sonal contacts as their primary source of new ideas, jouiaaals next in impor't, ance,

and meetings less effective. Both regarded technical publication of their own
research results as the most effective means of dissemination.

10. Thoracic Surgery - Three thoracic surgeons were included in the survey,

one primarily involved in research, another primarily teaching, and the third
a practicing thoracic surgeon. All three rely on personal contacts as informa-

il =tion sources, but only the academician and the researcher utilized journals

I] as a source of detailed information or as a channel for communication of their
|

own ideas. The practicing surgeon transmits information via informal hospital

seminars or case presentations, as does the acaden_ician.
O

1965007331-024
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t} _ P_mon_,Ph,siolo__oorph,sici_sspoci_zin_inpu_on_y
physiology were included in the survey _ample. Three of the four are supported

[_

Ii by fulltime engineering assistance in their research and practice, and all main-

i tain close contacts with outside university and industrial consultants. The

"- researchers utilized journals extensively as a communication channel, while

[] the clinicians tended to favor technical meetings for this purpose.

' [! 12. Physiology - Three physician physiologists were interviewed, all were con-

nected with academic institutions. Primary emphasis was on lectures and sem-

't inars within the institution as communication channels, although the library

, _ facilities were also regarded as a valuable information source. Technical

meetings were not regarded as very effective information sources.

13. Anesthesiology - Two chiefs of anesthesia services in teaching hospitaIs

_ and two researchers in anesthesia departments were interviewed. The former

reported that in the course of re-viewing manuscripts or pre-prints, and per-
forming administrative duties associated with the research proje r is performed

by their staff they are exposed to progress in their field in many forms. In

this capacity they also function as information transmitters, disseminating
new knowledge among representatives of government supporting agencies, industry,

B colleagues, and residents. The researchers utilizetechnical journals extensively

as communication channels.

!

I bio -d/nqarnics, inc.
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14. Renal Physiology - One physician performing research on kidney function,

pathology, and treatment reported that extensive communication activitieswere

utilized in his department of a large teaching hospital. All members of the

department give periodic seminars on their work, have a compulsory journal

reading list,participate in grand rounds, and have frequent guest lecturers

speak to the department. In addition, formal coursework at nearby universities

is encouraged. This individual regarded techpAcal meetings as a very inefficient

use of time.

;1
15. Genito-Urinary (GU) Surgeon - One G. U. Surgeon was interviewed. This

individual communicates his skills and progress via technical meetings. He
J

also spends a large portion of his time in small conference groups composed

of colleagues and residents.

16. Neurology - Three neurologists reported that contacts with industrial

representatives for information on equipment advances were essential. Per-

sonal contacts with colleagues, and frequent visitors from foreign lands provide

more information than might otherwise be gained at technical meetings and also

allow rapid dissemination of new information. New texts were also utilized,

but scientific journals were not regarded as particularly efficient transmission I
I

channels. I"

17. Public Health Engineering - Two public health officers were interviewed,

one primarily involved in occupational health, the other in sanitary engineering.

I bio-d/Tn;_mics,inc. .v

,I]

1965007331-026



_19=

The former utilizes personal contacts extensively as a communications channel,
while the latter relies heavily on technical meetings and journals and industrial

{i literature as communications channels. Both individuals extensively use

government documents and reports for new information in their field.

18. Legal Medicine - One forensic pathologist reported that personal contacts
,]

L and literature from instrument manufacturers were his principle communications!
_ channels.

I
19. Audiology - One audiologist reported that technical journals, formal course-" -r 4

! work at universities, and government reports were his principle sources of new
t

i f "_ information.I :

i r_ 20. Geriatrics - One physician specializing in geriatric services described his

i _L{ communications channels as including interdisciplinary seminars attended by

• {!_ (physicians, nurses, psychologists, psychiatrists, and social workers), local

level technical meetings, and several technical journals.

21. Ecology - One ecologist connected with a university was interviewed. Visits

(} to other institutions, discussions with colleagues and technical journals were

reported as the most effective communication channels.

22. Opthalmology - Two opthalmologists were interviewed. Both were asso-

ciated with a teaching institution and considered personal contacts and seminars

as important information sources. Technical meetings and journals were not

[]
regularly used for this purpose.

II
II
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23. Optometry - Two optometrists reported that they rely heavily on industrial

ir_ovations in their field, and on interdisciplinary meetings for information

exchange.

24. Ear, Nose and Throat (ENT) - One ENT clinician was interviewed. This

individual reported that technical meetings were the principle communications

channel for him since demonstrations at these meetings are a highly effective

means of communication.

25. Orthopedic Surgery - Three orthopedic surgeons were interviewed. ALl

made regular use of journal articles (from The Journal of Bone and Joint Surgery

in particular), hospital seminars and personal contacts. Ordy one mentioned

contacts with instrumentation manufacturers as an important source of informa-

tion.

26. Gastroenterology - Two gastroenterologists reported that periodic review
i
|

of instrumentation journals and personal contacts with colleagues and industrial :

I representatives were their principle sources of infGrmation on endoscopic inno-i

vations.

27. Obstetrics and Gynecology - One physician specializing in OB-GY:'_; was

interviewed. This individual reported that it is difficult to obtain useful infor-

mation relative to new electronic instruments for his specialty. The equipment =

is as complex as that used by the cardiologists, but engineering assistance is

not generally available. Communications are largely restricted to personal

=!
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i contacts.
28. Veterinary Pathology - One veterinary pathologist reported that personal

i contacts with individuals in government agencies and teaching/research insti-

:'] tutions together with numerous tech:_icai jo',,rnals constitute his communications

-_t channels.

! 29. Dentistry - Two dental pathologists, one orthodontist, one periodontist,
-ti

and one dental surgeon were interviewed. The pathologists rely on personal

[i contacts and a small number of technical journals as communication channels.
5

The orthodontist frequently consults with engineers at a local university for new

. H information. He also reviews technical journals in a number of diverse fields

knowledge, periodontis t reported journals are
for additional The that technical

his principle communications channel. The dental surgeon relies heavily on

Ii
technical meetings, but primarily as a source of new personal contacts.

I In summary, certain specialties that rely on engineering physical
and the

sciences for innovations are reasonably well =upplied with transmitters of inter-

U
disciplinary information. Individuals in these specialties (such as cardiology,

I respiratory physiology, cardiac surgery, ar, d neurology) use a variety of com-

I munication channels, and communicate extensively. In general, researchers
and clir/cians depend heavily on personal communications and regard this

I channel as the most important source of ideas. However, as a secondary

i source the researchers tend to rely on technical journals, while this is true

I bio-dynarnic sj inc.

!

i 96500733 i -029



")

I -22 -

_-i for only a few clinicians (such as orthopedic surgeons). On the other hand,

many clinicians regard technical meetings as important information sources

(the demonstrations at the meetings being considered highly effective), while

the research,_._s find then. to be a very inefficient communication channel.

Few of the i_Sividuals interviewed made use of government4eeurnent-s.r-were---

even aware of aerospace rese._rch which might be of value in their research

• or practice. /

i]

.r]
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J ]El. DISSEMINATION OF INNOVATION

A. Model of Innovazion Dissemination

Technological change has become an inherent part of the Western way of

life. The consumer, the industrialist,the scientist,the physician expect that

the way in which they perform their work today will seem antiquated a genera-

tfon from now. Almost as universally accepted as the inevitabilityof change is

! the recognition that not all sectors of the economy advance uniformly. The

modern farmer routinely raises food with tools and procedures that hardly[i
existed a generation ago; yet most fishermen have been relatively m_affected

1! by the mid-century technological revolution. Even within certain sectors of

I! theeconomy, suchasmanufacturing, therearevastdifferencesinutilization
of the newer sciences and technology. Within the practice of medicine, perhaps

! the most complex of human activities certain specialties have only begun to

H benefit from the great store of physical science and technology which has been

built in the last twenty years, while other specialties {such as radiology, for

example) have been revolutionized during the same period.

H The fact that these discrepancies exist is of great interest to the social

scientist as a "natural" phenomena; they are of urgent concern to those leaders

H in the professions, industry and government who believe that efficient use of

technology, and effective guidance of the sciences which support it constitute

a major goal of any nation. Furthermore, the gaps which now exist between

J what is available and what is being used may widen, since the rate of development

I bio-d_fnamic sa inc.
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of new technical information appears to be constantly accelerating.

-l These interests and concerns have lead to the development of "models"

I
of technology utilizationby economists and sociolngists. Our objective in this

ii study has been to construct a description of the present status of space technology

i utilizationin biomedicine, where itmight be a few years from now, and to
!

recommend a program of NASA-OTU directed activitieswhich will aid in achiev-

I ing a high utilization. Hence, a review of the literature on innovation dissemina-

tion was undertaken to become familiar with the analyticalmethodologies which

have been developed.

!! Our review of the ]iterature indicates that investigationof the process of

I innovation introduction and spread has typicallybeen addressed to either broad

"totaleconomy" studies (see for example reference i0) or to identificationof

i the dissemination process for particular innovations in particular contexts. As

I far as we know there has been no scientificdescription of that effectof new

technology termed by Solo as a "widening (of)the horizon for business inventive-

] hess and creative " "innovation (11). There has also been relatively little work

done on developing ways of measuring the nztional activity which produces inno-

vation - science. While Dedijer (12) concludes that the U. S., Britain and the

USSR are spending roughly the same percentage (2.3 - 2.8%) of their GNP on

science, and doubling their funding every four to five years, he points out the
t

I unreliability of present methods of making sucl _ assessments.

o!o-d_n_u_ics, inc.
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X"ne studies of dissemination of particular innovations in particular

contexts seem to divide into two groups. Those which describe the dissemina-

tion process as ob :ying certain laws of probability, toldthose which deal with

I: the sociological mechanism of dissemination, describing the key factors and

their respective roles in the spread of a new idea or thing.

The work of Professor Mansfield represents the probablistic approach to

i the dissemination of innovations (13). His study of the diffusionof specific major

]

H technological innovations contributes models which serve as reasonably accurate
i predictors of a firm's behavior with respect to such innovations. Mansfield has

U
|,, suggested that a firm's "response" to the appearance of a new piece of equipment

is analogous, in a general sense, to the stimulus-response patterr= defined by
experimental psychologists studying animal and human behavior. In papers

published by the Cowles Foundation and the National Science Foundation, Mans-

field describes the acceptance of important new devices in four industr_.es(bitum-

inous coal, iron and steel, railroad, and brewing). He sought to detern_.inewhether

data from firms in these industries would permit development of "rules" for pre-

dicting innovation acceptance on the basis of the following characteristics of the

firm and the particular innovations. Rate, growth of the firm, the firm's profit

level and prof't trend, the age of its management, its liquidity, the extent of its

"commitment" to R & D, the age of equipment which would be replaced by the

innovation, extent of competitive pressure in the industry, the number of

N bio- dynamics, inc.
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competitive firms using the innovation, the size of the investme,i_ required

by the innovation, the e-.'pectedprofitabilityof the innovation, and the size

of the firm (13, 14, 15, 16). Mansfield found that, statistically,the liklihood

that a firm would adopt o_ninnovation was high, I)ifthe required investment_

were relatively low, 2) ifitwas expected to return a good profit, 3) ifseveral

other firms had already successfully adopted it, and 4) ifthe firm were a large

I
one. None of the other characteristics of the user or of the innovation seemed

I to be statisticallysignificantlyrelated to the probability of acceptance of an
?

; I

innovatiou. Grilischer'17), found that farmers exhibit an economically rational

[ beha¢ior in adapting use of hybrid corn. The date of origin of use of hybrid

corp is an area, the rate of build-up in its use, and the eventual proportion of

hybrid/non-hybrid corn use was a function of the expected profitabilityof use

of the innovation.

,- ;]

" i J The second approach to desciption of innovation acceptance - identifying the

sociological factors and the roles they play in the process - is represented in the

I; studies reported by Somers (18) and Hildebrand (19). Hildebrand finds that the

i! agricultural innovator - one who says he's willingto be the firstin his communi-

•ty to try someth_,ug - is differentfrom the average farmer in most of the

il following respects:

ii -highel-income

-either markedly higher, or lower net worth
ill
11
| bio-dynamics, inc.
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I_- -greater use of hired labor

i -rents part of the l_:d he farms
-younger

:_ -more education :
• j_ -

U "_ -":. _-- -_t a full t_ne farmer
.

._ :_;_ ,_ - : _ - /_ _exi_erienced in incorporating innovation.

"- __-___'__--_:-- The-persona_ and economic stimuli to innovation are, of course, countered

- _._- _:.._;- -by_.b_ers-,to renovation, harmers which are based on facts or ignorance, com-

"-"-'_.5:-.._,_-,? , zhwni_"cation:madequacy, and some _mportant ,rrat_ona] human conszderat,ons.
" - t "_ L " -

;:U ._;_z_ .- "P,E_l_ona]' barriers wLU be described more fully in following sections, :but it

;"_. -.:_?_- zhust beke-pt _n mind that "obviousl3/_ .beneficial innovations are frequently

++ _='+, i re s_gted by such unmeasurable forces as reluctance to "throw away' a st Lll-

" _ e pressures by or on behalf of workers who mt,3t

_,.ft../ .; ac_ newskills ffthe-'__-ovation_is adopted, and the lack of confidence of

"':'_ " :'_'__ mmaageme_. _ its own abilityto direct the productzvity of the innovation (20).

" 0 _.F_^ ;--The'_ few_markets in which_efficiencyof introduction and dissemination

• I ,-.. " . 'of i_n_vation are as important as the E are for drugs and medication. The

_±._ : _ _'" Na_'.onalScience Foundat{on's survey of-indu_ri_l research a_jddevelopment

-_.,:_ '- J.. __xp_nditures disclosed-that the drug indus_r$ff_ annual investment in research

/I- ._--_ :" wgs ;above a_y. other izidu;_try, and rising (in the years 1958-60) faster than

....z "--. _-, -m%a whole (21). This large and expanding scientificeffortis producing

_._-_.=_ _../._,_ , -. bi0,dynaznics, inc,
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new drug products at an apparently ever-increasing rate. Hence, the more

the drug producer knows about the diffusion of change in clinical medicine (i. e.,

the more accurate his "model" of the drug adoption process) the better _le is

he to efficiently introduce his innovation.

Coleman and Menzel of Columbia University published what has become a

l
classic study of new drug dissemination in 1959 (22). They studied the spread

, ] in use of a new drug as a social phenomenon, disregarding the objective merits"li _.

of the drug. The impo_ance of social contact among physicians as an agent in

widening use of the drug was clear - especially in the early stages oi N_e drug's

11 introduction. Certain medical specialties were quicker than others in making
_J

v I use of the drug* (pediatricians being more innovative in this case than internists, i

i
for example). Other studies of the drug acceptance phenomena include Menzel's

i-[ (23) which led to the conclusion that the doctor's attitude toward change in gen-

eral (i. e. wheter innovation was inherently good or nc/,_ ,'as related to the nature
of his doctor-patient relation. The innovative physician, for ex_ample, seemed "

' i] tomoreregularlyrepondtopatient'sfeelings andrequests. _!-

!3 Rogers (24) has published a recent review of more than 500 studies relating _:

[!
to innovation dissemination. He makes the observation that: "although the

] I diffusion of most desirable innovations requires a considerable lag, there is

1 a cgrt_ n_in_eyi'tability in their diffusion". The lags he cites as representative
J

i| *The- drug was one that might be used by a practitioner in any specialty.
J

i" bio-dyna_rnicsa ir_c.
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:, are 14 years for adoption of hybrid corn, and 50 years for adoption (by all

I: schools) of new educational practices; Mansfield (15) found that it generally
L
[

took more than 10 years for all major firms in an industry to accept an impor-I

tant innovation. There are many different ways Ln which the elements of the

_ diffusion process can be classified: P,ogci s suggesJts dividing the phenomena
•i
.t

l into:
• a. Innovations

'_ , _ b. Communication

_t c. The social or economic system context

[;

i_ [I d. The time during which the _iffusion process is operating.

_ Inasmuch as the purpose of the present review is to establish a conceptualt2

groundwork for the analysis of space technology transfer and for development

- _ of recommendations as to how to increase its efficiency, the following action-

r: oriented categorization appears more appropriate:
h

_. Nature and probable benefits, including advantages-disadvantages of the

innovation.
2. Actions of the introducer of the innovation

a. "Packaging" of the innovationb. Communication content, method and timing.

H 3._ Characteri_ics (including attitudes) of potential and actual acceptorsof the innovation, and their actions with respect to the innovation.

4. Barriers

5. Stimuli

l 6. Methods of measurement a_.d analysis of the process.

bio -d2fnarnics, inc.
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t of the less obvious current andFollowing are some experimental findings

hypotheses regarding these factors in spread of innovation:
-- 1. Nature and probable benefits, including advantages-disadvantages of

__ the inn<)vation.

The innovation that is compatible with current practices and culture
will be more readily accepted.

The innovation must fill a need which the potential acceptor has

=7 already recognized.
}1

2. Actions of the introducers and disseminators of innovations.
71

i J a. "Packaging"

In the case where the form of innovation can be modified to fit the

_ J

market, it should be so modified to reflect the consideration cited

1 above. Often, in the case of space technology, the "' "..; packaging

[3 effort will take place in planning the communication, so that _he

innovation is described in terms that will render it most acceptable.
rl

[1 b. Communications

, The communicator typically is operating in an "open loop" mode;
[

he can control the quality, intensity, frequency, etc. of the communi-

cation, but he cannot control the tuning or sensitivity of the infor-

mation receiver nor can he even readily observe the effect of his

*Hereafter the term innovation will be used to encompass "the development,

invention, discovery, modification or new use of a device, process, material,

system, or technique" (NASA Form 66, Rev. Jun 62). i
L
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communication.

c. As the process of innovation acceptance proceeds from awareness to

adoption, the form of communication needed also changes. In the

early stages, "impersonal" communication media (articles, etc.)

are most effective,but in the trial and evaluation stage, personal

communication is of vitalimportance.Wit2n regard to major technological

it h innovations, there is little evidence that lack of initial knowledge about,_ innovations is a significant factor in the de'_ay of their adoption (24).

i _5 However, the co;nmunicability 9f an innovation is an important factor
affecting the rate and extent nf adoption. If the innovation provides the

-j ° I,• user wi_h a "topic of con'_ersatlon and is widely discussed, its diffusion

will be accelerated.

" J! Personal communication by an outside "innovation agent" (e. g., and
L

OTU representative) is more important to early than to late adopters
of an innovation.

A vital role of communication by the innovation generator is simply to

lower the threshhold to change; i.e. communicate the idea that change

is at lea_ not undesirable. In doing._o, the _,novation generator must

H consider the potential acceptor's image of him in planning the communi-

l cation. For example, NASA's image to the life science researcher or

clinician is simply not the same as that of NIH. The most difficult

n
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communication problem is from one community into another

-i which has few congruent problems, attitudes, etc. (for example
!

NASA supported metallurgists communicating with dental sur-

-I
, geons). Communication must be bilaterialin innovation "pack-

aging", introduction and dissemination. The originator must

receive the needs of the potentialuser and the constraints of

his "environment" as well as transmitting information.

In a community which has a ._teady or very slowly changing pattern

of communication channels foz new ideas, (e.g. microbiologists)

the innovation source must decide to commit itselfto a long range

program of feeding innovation, so that the users come to view the

agency as a regular source of new ideas, and to (as a goal) solicit

innovations from the agency. In promoting utilizationof science

and technology developed under the space program, OTU must use

communication to push and pull. That is, in some instances NASA

must deal directly with potential users of its knowledge (scientists
4

in re-scientificfindings), and in other cases itmust educate the i

target community about the availability of technology which must be iI

"converted" (by a manufacturer, or a clinical evaluation grou_, etc. ) I.
!

before the innovation can be useful. _
1

t

ii
U
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3. Characterlstics of potential a_d actual acceptors of the innovation, and

their action with respect to the innovation.

A useful (although not yet detached) mode] of the innovation dissemination
r

] process is based on learning theory. In this view the potential user is seen as

the subject of a "conditioning" operation in which accepting behavior is to be!- rewardedby the direct effects of the innovation, or by indirect positive rein-
1

I} forcement of his colleagues. !n most cases the curve of number-of-adopters

in time assumes the shape of a normal distribution. R_,_rs (24) characterized
the groups who constitute this distribution _:

1) Innovators (venturesome)
2) Early adopters (respectful of z- -" actively soi_citing information about

the new)'_. 3) Early majority (deliberate)
4) Late majority (skeptical)

- D 5) Laggards (traditional)

IJ
Rogers has also characterized the process through which each user goes

as: awareness, interest, evaluation, trial and adoption.

Some innovations (in particular the large ones) require acceptance by a

group, each member of which may have different characteristics and motives.

While the instrument-maker has always been a necessary ancillary to the

life scientist, his contribution has generally been sporadic. The emergence of

the physical sciences, mathematics and engineering acting in professional collab-

oration with the life sciences is recent, and not yet widespread. There is still

I
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a great gap in "ang :_ge, methodology and goods which the outside "seller"1

of new physical scionce and technology must recognize.

: Clinical medicine seems much more hierarchically structured (by seniGrity)

• than its supporting life sciences.

_ An outstanding innovator and student of the new technology dissemination

.;

process, J. R. Pierce of Bell Laboratories, drew a clear distinction between

: j the motives of the scientist and the technologist in accepting change. The

: j intent of his observatiofi would not be distorted, we believe, by substituting

the term clinical ph_"sician for technologist.

l "The difference in motive (between the scientistand technologist) is
reflected in the source of innovation. The direction of a scientist'swork

i is likelyto be determined by current fashions and this assures the required

.J association with and stimulation from others on related problems. The

broad goals of the technologist are usually set by the objectives of an organ-

ij ization rather than by fashions. We need both creative scientists who arebroad enough to look beyond the current fashions and creative engineers
who can appreciate scientific discoveries and incorporate them into tech-

"| nology" (25).

4. Barriers

i] Even in these times of instant remote communication and rapid worldwide

i travel, barriers of space and time between the source and potential users of
l

innovations are important.

, The economic factor is still an important barrier to acceptance of equip-

j ment innovations in the life sciences. In part, this is due to the inherent high

co_ of modern systems, and in part due to the tradition that the life scientist

I
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• and clinicianhave worked with essentially simple tools, and do not mentally

|- budget large funding for i-,novations.
I

The earlier description of the necessary characteristics of innovation and

_" the communication process implicitly identified some barriers to irmovatio.-,

Ii spread. In addition there are some forces of resistance which cannot be econ-

omically modified by the innovation disseminator. These forces - these unyield-

IJ ing barriers - must be considered in planning the introduction of a new idea as

'-i {, a new thing. These barriers are least strong in lifescience research (although
I I

therc are important differences among the biological and behavioral sciences)

J_ and most deterrfingin clinicalmedicine.

In the practice of treating natients one detects a growing resistance to-
novelty for the sake of novel:y_ a con,,_ction that the effectiveness and the side

un.,erstoodeffects of any new device or material or procedure must be quite well cl

to avoid the diseases of progress the iatrogenic threat to patient survival.

One such tragic result of progress was the by-product of superior engineering.

The late nineteen-fourties and early fifties saw the development of blindness in

H nearly a third of all underweight premature babies born in the C, S. The

- blinding disease, retrolental fibroplasia, was traced to "excessive': oxygen

H being supplied to nursing incubators. Modification of air supply practice

virtually eliminated this cause of blindness. An opthalmologist stated to us,

half seriously, that the tragedy would never have occurred had not engineers

J bic-dynamics, inc_
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perfected the leak-proof incubator which permitted virtually complete control

of the atmosphere.

_±_nusin clinicalmedicine there is the barrier of time; innovation must be

proven beneficial, and practical, in the research setting, and, frequently, in

teaching hospitals, before the practicing specialist will adopt it.

An important consideration in the spi-ead ot innovations in me_iciy_ is

the amount of new skillthe acceptor must master in using the innovation._.

"Using" a new lifescience tool, implies not only operating it,but maintain

and, most important, interpreting the meaning of the data yielded by the tool.

The great majority of practitioners in each lifescience discipline and

medical specialty look to colleagues in their own fieldfor innovations. fhe

"not invented here" attitudeof resistance to "outside" innovations is strong

among those engaged in medical research and practice.

The increasing specialization of medical sciences brings with itincreasingly

more severe performance criteria for adoption of an ira,.vation.

At the same time, the prospective disseminator and innovator in medicine

cannot, typically, introduce statements of economic advantage of his innovations. |
J

The researcher and the clinician are generally not impressed with discussion of ]

cost savings attributable to the innovations because the ultimate criteria of value |

to the investigator (advancement of knowledge) and the practicing physician |

(advancement of human health) are inherently immeasurable.
t
6"
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i

I 5. Stimuli
I
i The term ,_timuliis meant to mean more than the absence of barriers. In
I

i the case of virtuallyevery innovation acceptance there are forces operating

I
which tend to facilitateuse of the new ideas or things.

I
, Economic stimuli, from the point of view of the medical field are not gen-

eralizable for the reasons cited earlier. While a hospital administrator will

L' factor expected cost savings into his decision (or recommendation) regarding

• {] innovation budgeting, such a consideration is of marginal importance. Thus

the economic model of innovation dissemination suggested by Mansfield* can

r! be applied only loosely to the lifescience _ield.

Generally, the fewer the number of individuals who must be involved in

the decision, the more rapid the differences.

_' Crisis, of course, accelerates acceptance of new ideas. Here is meant

both the crisis of new opportunity (as in the field of genetics recently) and new

problems (the growing numbers of the elderly).

Small steps are easier than big steps. An innovation that requires _ rela-

tively small commitment (of prestige, of risk to the patient or the experimental

design, etc. as well as dollars will find a more ready response.

Competition is no less prevalent in the life sciences than any other human

*to review: *he probability of an individual, or an operating unit accepting an

innovation _ (preportion o_ the "community" already using it, the expected profit,

and some "progressiveness" descriptors of the community) divided by size of theinvestment.

I bio-dynaxnics_ inc.
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I activities,and, pa_icularly in those fieldswhich are advancing more rapidly,

the competitive pressurc is expressed in stimuli to try new tools, and err brace

new hyp_otheses,rather than pressure to exce]l in marketing of established

practices.

Availability of funding {whether from the government, in the case _f

research, or from lucrative practice in the case of certain of the medical

specialties)is an important stimulus to cry out the new.

6. Methods of Measurement and Analysis of the Process of Innovation Dissemina-

tion.

:, Investigators of the diffusion of innovations generally are interested in

-] describing the :, _ocess at least in terms of the time required to achieve an

equilibrium level of adoption (i. e. the point at which the percentage of users

is no longer growing). When the originator of the innovations is a commercial

?] enterprise, he is in addition interested in measuring the cost of the introduc-

tion, relative to the profitits production returns. Itcan be expected that both
;!
; i the sociological student of the technological change process and the economist

!_ willinthefuturebe abletomeasure andestablishmathematicalcorrelations

I among the factors which influence the acceptance of innovation. Thus, while we

must now be satisfiedwith working with equaiitat!vedescriptions of individuals

:}
as "early adopters", or "laggards". etc. we can at least hope that in the future

communities of prospective users can be described with _ome precision as
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: " objects of varying susceptibility to scientific and technological change.

.:| The e_;orm0us samples of variables which interact in the flow of new ideas
"_3 \-
:_[: .
.j "_. into and within communities defy detailed modeiing without the use of computers_

"-i i_, r simulation of community response to such innovations as fluoridation,

=. _. --p-residential candidates, etc. now underway will contribute to the efficiency of

__. . -OTU and others interez_ed in predic_L_g, planning and monitoring the dissemina-
- 5 _'-

._ -:-: • ;'don of_.jnnowations._...., More specific action in'khese areas, which might be adopted

"- _ :by OTU are included in the recommendations in Section V of this repot.
2

"'-_ N_£,I_s of Innovation Dissemin_n in the Life Sciences

- [_ :_ : -._. The forego L_ summary of the state of the art of_ _he study of innovation

" U_ " -:_._ ___ir_r-_{_cti°n-and- spread-drew from the work of observers of technological change

- = _-* .. in i_dustry, agriculture and medicine. Before going to a disc_:_sion of just what
-= q

...." NASA has in its inven_,orv of science and technology to introduce and disseminate

.-__-._ - -_-- ._ _-in the_ life sciem:es, a b]cief review of specific, recent cases of adoption of new

:: _ :-:::: -::* sFace-related ideas seems appropriate_ The ceses were selected as representa-

- ; tivc of the kind of innovations which the life sciences car., expect to receive from

the space prog_-am, for they:

_:.Y:,-_.-.""_ - 1).. draw heavily from the physic_ sciences and engineering

H "• - " -, 2) entered medicL=e via _.'.edical research centers
:__:v.-_:.

"-!,., - - 3) .represent an infusion and adaptation of new techniques _,to an existing
• - :" " : *_ a_ea of medical intei"est.

• ' "- '_J_;-- _ T. - -

• -_ -_ - _ _'-' .- :'._i0 :d_amlcs_,..zinc.
_J___.-,_"z_"--:": -_ ._-_-v._ _." _ ' " "-' _ " ': .... : - :
_:.,-_er2_-_,-_.._.£._t_ . ,_-_7_$ _ " _._,_ _-.:_ _ _: "-_ " ,._ - - . '2 _ ,, 4' _ -
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The two cases are not representative in one significant respect: both

ire "spectacular", while we believe that the total impact of the space program,

as will be discussed later, will be mainly constituted of a great number of

"small" transfers of technology, and diffuse charlges in attribu_cz and modus

opecandi of research and clinical medical specialists. The first instance to

be cited is proton beam surgery.

2_

#

;i

J i _ _

L
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I B. Proton Beam Surgery

I This case exemplifies the role of mission oriented agencies (NASA and
the military) in stimulating the refinement and dissemination of an innovation

by providing a challenge closely related to _ medical problem, and the funding

to address it. The space-originated challenge was to determine the hazard of

cosmic radiation to space travelers. The medical problem was to explore

the potential value of high energy particulate radiation as a means of carefully

controlled tissue destruction.

During the past 35 years astrophysicists have been increasingly inter-

ested in investigations concerging the physical nature and origin of the

enormously energetic cosmic particle_ which bombard the earth. Initially,

studies of cosmic particles were directed toward gaining further insight into

_, the nature of energy and matter. However, with the ad_,ent of the space age

and the probability that man would actively participate in space ezpioration,

emphasis was placed on the study of the biological effects of high energy:

particulate radiation.

Prior to May of 1958, it was assumed that the radiation level due to

cosmic rays and electromagnetic radiation would be sufficiently small as to

not constitute a serious hazard during space travel. Early rocket data confirmed

I that the radiation hazard was small, but in May of 1958, the ass,'ssments of the

hazard wei'e dramatically changed with the announcement by Dr. James

Van Allen, of the discovery of belts of heavy particle radiation, and subs,,_que,_tly

|:
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of intense proton irradiation during solar flare activity. It was esuen:iai tG

obtain information regarding the relative biologic effectiveness of the highly

i
energetic protons and other cosmic nucleons, some with energies over a

i} billion electron volts, pmor to undertaking prolonged manned space voyages.

] These findings brought a bout increased researci, effort into the radiobiology
J

of high energy particles, which in turn led to new and significant innovations

• ] in medical radiation treatment.

_ For the past three decades there have been many efforts in experimental
I

radiaticm therapy tb produce therapeutically effective ionization in deep lying

l diseased tissues without producing excessive damage to superficial healthy

"l tissues. Despite the use of more energetic radiations, such as Cobalt 60
!

gamma rays and super_ltage x-rays, and the utilization of "cross-fire"

!. techniques, Lh_ damage to healthy surrounding tissues still inhibited effective

f 1 depth irradiation, therapy from existing external radiation sources.
'li

In 1946, Wilson (26) suggested that fast protons might be used in radiation

} .! therapy for the selective destruction of deep tissues. The rationale for this :

i suggestion was apparent from the linear energy tr.:msfer characteristics i

of such high energy accelerator produced particles. The linear energy transfer _:
1 I:

[ for fast proton_ sharply increases toward the end of fine proton track as it i:
}.

material. The location of this sharp peak, the Bragg Peak, with I-'Ipenetrates a

heavy ionization density in relation to the shank of the beam depends on the ]_

E
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proton energy and the material being irradiated. Consequently, it would be

possible to selectively irradiate deep tissues while at the same me exposing

the more superficial tissues to significantly smaller amounts of radiatien.

Furthermore, since the protons only penetrate to a given depth, the far side

• of the irradiated locus would not receive any radiation (unlike the conventional
L

J !. x-ray or gamma ray therapy). In 1952, the first study on the physicalproperties of high energy nucleons and their biological uses were :-eported (27).

i [- This work was performed at the Donner Laboratories in Berkeley and was
l! i

it _ made possible with the completion of their 184 inch cyclotron. Subsequentlysome promising preliminary studies reinforced the need for the develop-

ment of this new biomedical tool. A number of these early studies are briefly

described in the following section.

L_- Non-Surgical Destruction of the Pituitar_

Destruction of the pituitary has been shown to be effective therapy

for the follo_v;n[:
i-I.

[i a. the treatment of acromegaly, an. abnormal proliferation of certain

cells of the anterior pituitary.
[-1

_ _J b. hypophysectomy to inhibit mali__mant tumors of endocrine aiLcl
reproductive tissues.

c. hypophysectomy for advanced cases of diabetes mellitus complicated
by retiropathy and other vascular degenerative changes,

d. malignant exophthalmos.

R
_, bio-d_rnamic s, inc.
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Due to the location of the pituitary, conventional radiation treatment is

undesirable due to the possibilityof severe damage to .thenearby cranial

nerves. Surgical extirpation is effectivebut since itinvolves a certain amount

I of risk to the patient it seemed t.hothigh energy heavy particle irradiation might

be the therapy of choice. The firstuse of high energy (340 Mev) protons,1
on humans was reported by Tobias and his group in 1958 (28). The pituitary

was successfully irradiated, but there were many severe side effects due to

damage to the surrounding brain and cranial nerves. It became apparent that
not only dose and dose rate were important but also +.he volume of tissue

I irradiated influenced the degree of damage. In order to further reduce damage

to surrounding tissues, multiport_ cotation techniques were adopted. Doses _
ranging fzx_m 14,000 to 30,000 fads were given to 26 patients with advanced

1 -metastatic mammary carcinomas and although the majority of these patients
.f

]_ died (most were already in terminal condition), two showed marked improvement t:

and survived almost two years. This finding was sufficient to suggest that

further work on non-terminal patients would be beneficial and 150 additional

_1 cases were treated (27.)Tn these patients almost half "mowed regressions of ;
i/

the tumors for considerable periods of time. Recent work on high energy

i[ nucleon irradiation of the hypophysis with 900 Mev alpha particles on 17

] cases of acromegaly and chromophcbic adenoma has been reported by

Lawrence and Tobias and their group (29, 30, 31, 32). Their results showed that !

!1
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doses of 4000 to 7200 rads produced an effective and relatively safe treatment

_ - which halted growth in acromegalies without completely destroying the

Other recent work reported at the Massachusetts General Hospital (MGH)

-I I : Proton Beam Seminar Series includes the studies at the Harvard cyclotron

by the Neurosurgery Depa_ment of MGH. This work has ylielded promising

]I'
l

_! results on a number of advanced diabetic patients with marked retinopathy

_ and other vascular degenera à�œIn the 17 patients done to date, the
t _

majority have shown marked improvement following high energy proton

_ irradiation of the pituitary. Relatively few have shown cranial nerve damage

N

] _ and the insulin requ'_rements have dropped considerably. Large scale studies

are now possible due to a grant by NASA which began in January, 1962,

providing both considerable time on the cyclotron and facilities at the site

for biomedical studies (33).

High Energy Particle Irradiation of the Brain and Other Tissues.

[} It quickly became obvious that focal destruction of brain tissue by high

I] energy nucleons could be of considerable value in both clinical applied techniques

and in basic studies on the physiology of the central nervous system. OfF!

II immediate interest is the possibility of high energy particle irradiation for the

!} following purposes:

a. the t'eatment of m_/ignancies located deep in the brain mass.

I bio-dynamic s, inc.
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i b. selective placement of lesions to treat Parkinsonian symptology (34, 35)

c. treatment of symptoms of cerebral palsy.

d. possible localized placement of lesions for psychosurgery, sho_ of
the medical surgical procedures of prefrontal lobotomy done by Freeman
and Watts.

e. treatment of deep carcinomas in relatively inoperable loci outside
of the brain.

The first proton irradiation pilot studies on human patients with brain

tumors have been completed on human patients by Kjellberg at Massachusetts

General Hospital (33). In cases completed so far, transient improvement of

symptoms was noted m almost all patLents. (One of the major problems to

date has beeL_ the accurate localization of the tumor's outer boundaries).

Another pilot study of seven cases of human carcinoma irradiated with a beam ?

i

_ of high energy protons has been reported by Falmer, et al in Sweden (35).
v

Even in cases in which the entire pelvis was irradiated a single proton dose of

3000 rad produced obvious regressive changes without producing ._cvere _}

!1 damagetoskinorurinarytract, i '

A group at Upsala (36-41) reported heavy particle surgery as early as 1_59. i _'
;I .."

]1 Localized lesions in the central nervous system of the rabbit produced bv a |:_

I] 185 Mev proton beam were reported at that time. The zone of destruction

was sharply , elineated to correspond with the path of the beam and only _'_.

i l minimal hemorrhages were seen. Areas of necrosis could be observed in the |_,

H bio-dTnamic s, inc. -
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-1 damage rather than to selective effects on neurons. In another study a

pigeons were decerebrated with radiolesions produced by 155 Mev protons.

It is significant that much of this Swedish work was sponsored by grants or

contracts from the U. S. Air Force and was prompted by concern over the

space radiation problem. The Swedish investigators visualized the uses

of irradiation in bloodless localized human neuro_urgery from the start of

their early studies. The first successful treatment of a small groupm

patients with psychic disorders and Parkinson's disease was reported

by Leksell at the International Congress of Neurosurgery in 1961 at which

t_; members of other groups using cyclotron produced high energy nucleons were

_i [ij in attendance and also presented papers.

i Animal studies at the Donner and the Lawrence Radiation Laboratories

i
" j (42-46) have provided considerable data which could not have been obtained

- If through human exposures. However, a human pituitary treatment as early
t J

as 1959 w_s reported il, a recent review by Linfoot, et al. (47).

,_' At the Harvard cyclotron several studies of similar nat-_re to the Donner

1 and Lawrence Laboratory animal work are now in progress. Two such studies

are investigating the interrelation of proton beam irradiation with radiation

potentiating compounds. In the past, such studies using x-rays were not very

promising due to +he fact that healthy surrounding tissue also took up the

potentiating compound and greater damage to normal tissue would result.

.I1
bio-dy'nam_c':, hic.
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However, with the use of the Bragg peak of high energy nucleon beams,

it ,s now possible to get high doses oi" irradiation localized at a given site

and thus might permit the use of chemical potentiators to develop a more

efficacious therapy.

In some yet unpublished fLndings by Kjellberg at MGH, Le_ 7 at Boston

University, and Sondhaus at Berkeley (48) it appears that the biologic effects

of a given total dose increase markedly as the dose-rate is increased. If these

11 observations are confirmedit wouldmeanthat sincethe Braggpeakdose-

rate is greater than the beam shank dose rate the relative biological effects

would also be greater. This would further enhance the capabilities of this

l differential tissu_ destruction bloodless
method.for by surgery.

The initial research effort to determine the hazard of high energy

!1
particulate radiation to the space traveller has shown that undel most cir-

cumstances (discounting prolonged flight in the Van Allen belts) the

probabilit} of damage to the astronaut is indeed negligible (49-57).

This being particularly true in light of the classic study of Zeman, et al. 9

(58) on the histopathologic effect of high energy-particle microbeams. Using

small beams (still greater than the dimensions of a clustered particlel it
was found that extremely high doses (400 kilorads) were needed to produce

a microlesion. Thus it seems unlikely that single hits would produce either "_

j functional or organic disruption of biologic function. On the other hand the

ii
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L

fruits of this research have found new practical application in radiation theralmy

• r and nerosurgery which are extremely promising and application of these

._ high energy particles to basic studies in biology, biophysics, and radiation

i_:'I:: _oc_e_ _e _,_op_ov_e__omew_u_,___. _cen__es_c_
!

interest has increased considerably and itis expected that even greater

effort willbe applied in the future. The primary limitation to date has

I been the small amount of time available, the accelerators.

0ii high energy

' _ This has in part been alleviated by NASA, AEC, and Air Force grants, but

ii the need for new particle irradiation facilitiesfor biomedical applications
[2 is stillthe criticallimiting factor. Tobias' group at Berkeley has received

[! reseacch grants from NASA totalingabout one and a half n:i]!iondoll_rs

"- since 1961. C-rants from NASA to the Harvard group have amounted to about

I7, I a half a million dollars.

The developmen* of the biomedical uses of accelerator-produced

high energy particles has been marked by frequent exchaages of information

among those presently active in this field. Special symposia have been

important in this respect. For _xe,nple, at the 32nd _ra,ualmeeting of the

Aerospace Medical Association, April 1961, in Chicago a number of papers

summarizing and presenting new data on effects of high energy particulate

_, radiations were presented in a special symposium on Aerospace radio-

biology. At the Second International Congress of Neurological Surgery, held

[I
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in Washington, D.C. it:October of 1961, all of the principle groups doing

high energy work presented a review of methods and findings. The First

InternationM Symposium on the Effects of Ionizing Radiations on the Nervous

i
-I System, sponsored by the International Atomic Energy Agency, was held in

Vienna in 1962 and included papers by Tobias and his collaborators from
.1

Berkeley, and Zeman from Brookhaven on the effects of high energy

particulate irradiations. In addition, four papers were presented on the

effects of high energy particle irradiations at the Second International

Symposium on the Response of the Nervous System to Ionizing Radiation, held

in August of 1963 at UCLA under the joint sponsorship of the U. S. AEC

,_ and the National Institutes of Health.

The role of personal cornmt "cations as a channel for the dissemination

'_ of information and ideas has been particularly important in tile development

of biomedical applications of high-energy particles. Dr. Kjellberg of the

Massachusetts General Hospital (MGH) visited Dr. Tobias' laboratory at

Berkeley in early 1960 to learn +.he techniques already in use. In May of

] 1961 the first of Kjellberg's patients was irradiated at Harvard. Exchangel

was furthered when Dr. Wang who had wc, rked with Te_bias came to the MGH,

Within the Boston life science community there were frequent interchanges

of information, some of which resulted in a return of new information to

Tobias' group. For example, Dr. C. K. Le 55 a radiobiologist at Boston

I
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University with an interest in neurophysiology, met Kjellberg through a

mutual friend and arranged to use the Harvard accelerator for certain plant

studies. Subsequently Levy was invitea oy Tobias to give a seminar at

Berkeley on the effect of high energy charged partic]es on the sensitive plant

Mimosa Pudica. The personal co.mmunications channel is not restricted by

national boundaries and is especially hnportant when new laboratories are

i being established. For example, an English ph--sician i-ecently spent a
b

i- year working with Kjellberg learning techniques which would be of assistance
i
i_

in setting up a similar program m England.
F

[ A large number of technical publications have appeared as evidenced

3- by the bibiliography. In addition to those cited a number of other related
I

articles have appeared in a diverse group of publications reaching a wide
I-

I
_ range of disciplines. Some of these articles, the journals in which they appeared,

|- and the audience reached are indicated below.

,}
r

1_ Title Journal Principle Discipline ofReaders

Accelerators in Biology Nuclear Instms and Physicists

li and Medicine Methods6:96-I00, 1960

I Production of l,aminar Science 126:302, !957 Broad Audience of

Lesions in Cerebral Scientists of

Cortex by Heavy Ionizing Disciplines
Particles

,i
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Effects of Heavy Ionizing J. Ccmp. Neurol- Neurologists

Monenergettc Particles on +.he 115:2!9-24'2, 1960 Neurophysiologists
Cerebral Cortex

Heavy-particle Irradiation J. Neurosurgery Neurosurgeons
in Neoplastic and Neurologic 19:717-22, 1962
Disease

Protection of Proton-Irradiated Radiation P_sear_h Radiobiologists
mice after PAPP and MEA 19:729, 1963

Alpha particle and prot._n _.m.J. Med. Sci. Broad Medical

beams in therapy 246:479-84, 1963 Sciences, all

disciF,iLnes

i _Medical Research with High Nucleonic. _ 21:56-_!, Engineers, health
Energy Heavy Particles 1963 Physicists,

i Physicists
!

Effects of Heavy High Arch. Pathology Pathologists

Energy Charged Particles 76:497-52G, 1963
(4 papers)

The Deuteron Microbeams Radiation Botany Botanists
as a Tool in Botanical 1:255-268, 1962
Reseat ch

A number of review sources are aJso available which have been useful

in communicating information oncerning +.he biomedical uses of high energy

particulate radiation.

Periodic press releases and even television coverage have been used to

publicize advances in high energs' particulate work. For e×ampie, at the

formal opening of the new Cyclotron _uildmg at Harvard, good press and

t television coverage was provided. Publicity has been good, as

evidenced by the large number of patients referred to Kjellberg's group

by other Boston hospitals, and even by the NIH in Bethesda.

bio-d_namic s, inc.
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Itis interesting and not at all surprising that the Soviet's interest and

development of :Agh energy accelerators has paralleled our own. Although

their progress in the study of rad_obiology of high energy particles is not

completc1_ kmown, the available reports suggest that they are -andertaking an

extensive program.. As in our o_nn program, the initial reports dealt wilh

problems of biology i_ cosmic flight (55, 56), and subsequently resulted in

laboratory :,tudies on the relative bie_logic effectiveness of accelerator pro-

duced high energy radiations (59-60). In 1960, a review was published in a

Soviet journal on the application of high energy radiation for the bloodless
{
}

destruction of brain tissue (61). Itis probable that Seviet work paralleling our

_- own is continuing in this area.
i

C. Biorradical Applications of Lasers
{

{
Our second case was selected to present what anlounts to a classic

{-
t example of a new technology entering medicine from physics and rapidly

disseminating throughout the lifesciences. The following discussions will

present the innovation and communication phenomena which accompanied this

dissemination.

] I The OPTICAL MASER, or LASER (I,igntAmplification by _timulation

._ [_ of Emitted _Radiation)is selected because It represents, in concept and per-
I k

formance, a departure from any previously known device; itis of recent

[ discovery, so that its firstappearance can be pin-pointed in time and the

bio-d>-namics, inc.
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firstbiomedical applicationfollowed so soon upon the laser's discovery

*.hatthe skein of the Lnformational +_breadcan stillbe followed with relative ease.

Citalion of the laser as a case of interdisciplinary diffusionof innovation

understates the general dissemination preblem because the tremendous

importance of the discovery assured itgreater publicitythan would be

given to a less spectacular development. In a sense, this aspect of the analysis

strengthens the conclusions to be drawn: whatever steps were operative m

disseminating laser-information must be greatly multiplied or intensified

ifitis desired to dissemina+e less publicity-prone discoveries.

O_lysic__2_:eory and engineering specifications are not germane here.

Biologically, itis import_n_ that the laser emits a beam of lightof unprece-

dented =pec_ral purity and homogeneity, focussable onto a small area _ith

unprecedented intensity.

Analysis of this "success story" indicates the existence of many condi-

tions which favored the spread of the laser within medicine. Among them were:

Characterlstics of the innovations

i. essentially simple

2. inexpensive, aI_dnot requiring elaborate supporting equipment.

3. an_ogous to other tools which have been used m medic!_ne

(photocoa_ulatorused by epthamologists, for some time. O-V

and I}£soul-ces used by dermatologists, etc.)

4. inherently significant

5. its use was prestigious.

bio-d_rnamics, inc. -
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{ [ Communications

_- I. sheer volume of publications (and publicity)accompanying it.

}
2. occurence of publication, and organization of symposia of an

[ interdisciplinary nature.
]

• 3. rapid conversion of theory to hardware, and the inherent
{

t simplicity of the laser encouraged development of a laser manufacturm_
industry, whose marketing staff was quick to promote biomedical
application.

: Acceptance of the innovation

1. as cited earlier, physicians accustomed to using optic technology
were early adopters,

: 2. typically, acceptance of the laser involved a close working
relation between a physicist and a biomedical specialist.

i The theory of the laser was published in December, 1958, by physicistsi

working at Columbia University and at the Bell Telephone Laboratories. The
i
I first hardware-functioning lasers had been developed by 1960.

b

i I A few months later (October, 1960) a physicist concerned with laser
development realized that the device might be of use to ophthalmologists

I

i _ practicing retinal photocoagulation. After a succession of refusals, ne did[ succeed in interesting a researcher at New York University, who began pre-

liminary experiments. In all, and excluding much classified work, 23 publi-

Ii cations concerning lasers appeared in 1960, not one of them biomedical.

In 1961, lasers came into the general news, when scientists suggested

that they might be used for interstellar and intergalactic communication.

[
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This idea greatly helped to publicize lasers.

Subsequently; during the same year, the first biomedical_ application -

retinal photocoagulation - was published, and technical publications increased

to more than ninety.

During 1962 an estimated 400 laboratories became engaged in (non-!

biomedical) laser research, the Federal government spent an estimated

I $20,000,000 on research and development, and scientists at the Massachusetts

i Instituteof Technology had succeeded in illuminating a 2 miles square patch

of moon-scape.

In the biomedical areas, 1962 saw several papers suggesting a variety

of possible applications, and a continuation of the omginal (photocoag_lation)

work.

By 1963, non-secret military research and development projects

numbered 128. In April of that year a Symposium on optical masers was

convened for three days at the Brooklyn Polytechnic Institute.A sLagie

biomedical paper was read; itdealt with laser-induced electrolyticchanges in

blood and plasma, and suggested applications i,_neuro-surgery. Other

researchers during the year published on the effect_of lasers on skin, cancers,

tissue-cultures, single cells and ceil'Mar organeiles, h_ all, some 20

institutionswere conducting biomedical research on lasers, and manufacturers

reported the sale of some 40 laser-coagulation units.

bio-dsfnamics, inc.
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Bibliographic Analysis

Laser theory was first described in Physical Reviews, a journal

i that probably has little readershlp among biologists or physicians. The

announcement of the first working model, however, appeared in Nature,
I

I an interdisciplinary British journal with wide distribution "n the U.S.

I Nevertheless, it is doubtful that this arhcle evoked much "resonance"I
I

among biologists, or that it stimulated biologic "metaphorical thinking. "

Possibly more stimulating to a biomedically oriented intelligence may have

! been the (terminal) paragraphs of an article h_. Scientific American, ("Optical

i
J Masers") of June 1961, in which the physicist A. L. Schawlow discussed the

I- possibility cf using laser-radiation to excite specific molecules in a molecular
i

mixture (in which the other molecules would remah, unaffected). Though

i
. the author does not mention the biological implications of this laser-effect,

| these would be imn,eJiately apparent to any blolo_st.

The _-_+ bona _z........ e bion_edlcal use of the laser - retinal "welding" or

i- photocoagulation - appeared in November 1961, in Science, an interdisciplinary

"_ I _ publication with wide distribution among all life science disciplines. Shortly

thereafter, (January, 1962) an article on laser technology and applications also

Ii appeared in Science, but contained little of biomedical interest.

An article, suggesting a wide variety of possible biologic applications

for lasers appeared in March, 1962, in the Biophysical Journal, a fairly

[
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:" recent publication that probably is read fairlywidely, at leas_ in the larger

(or more active)biomedical research centers. In this aI+.icle,a physicist

discussed the following possibilitiesfor lasers: intense illumination for

microscopy and for the high speed photomicrographic recording of rapidly

moving objects (e.g. fla[ellae);mlcrosurgical effects, and dlrec*ed and limited

damage to cellular structures by laser's thermal and/or iomzing effects

(e.g. "heating a particular part of a chromosome", or of a "very short

section of nerve or muscle fiber".);dermatologic and ocular surgery',ultra-

high-resolution spectroscopy (under certain conditions) of subceLlular struc-

tures; more effective interference microscopy (which w_-uldsuggest to a

bioioglstalso more effectivephase-contrast and polarlzmg microscopy).

In May, the Industrial H_fgiene Review - biomedical publ cation with a somewhat

limited readership - published an article discus._in_the safety aspects of laser

I technology.

In December, 19_2, some possible biomedical applications of lasers are
l

suggested m one paragraph of a general paper on lasers in the Journal of the

I Franklin Instituteof Philadelphia, serlal wlth some readership biomedical
a among

!

engineers and biophysicists
i

Laser-induced skin les[ons were described in January, 1963 in

Life Sciences, volume I, number 1,a brand-new publicatlon that may have

been read more widely than similar journals just because of its newness.

I bi_o-dynamics, inc.
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At the same tim_ a second paper on retinal applications appeared in the

Archives of Ophthalmo!og_-. clearly a "sectarian" publication. Two more

publications concerning the dermatologic effects of lasers appeared Ln ?d_rch

of the same year, one in _ h_.g_l_speclaiized biomedical publication(J.

Investigative Dermatology-), the othe,'in the interdisciplinary Nature.

In July, 1963, newspapers carried an _rtieie describing prehrninary

experiments on cancers. Nearly simultaneously, there was another article -

primarily physical - on lasers in ScientificAmerican.

A brief paragraph concerning laser eiLergy appeared in Aug_ast, 1963,

in the Medical Research Newsletter cf the Pasadena Foundation for Medical
%

Research, and at about the same tlme a specialty organization (Sawyer

Foundation) began amassing a laser-bibliography for the Stanford

Medical School. Finally, In October, there was a widely heralded talk on the

I cancer experiments given at the annual convention of the American College

of Surgeons, which reached the public press.

i
The translation of physical and engineering developments into biomedically

] useful information requires a certain amount of "metaphorical" thinking

i among both the biomedically and the non-biomedically t_ained, each in the
other's discipline. Ital_o requires propinquity among these men of different

backgrounds. In this connection, itis interesting to note that the author who

firstdrew attentionto many of the biomedical implications of lasers is a

I bio-d_r namics, inc.
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physicist, but that in his articlehe acknowledges the help his "m_apl_orical

, thinking" received from three well-known mologists, working at the same

university.

_, In general, interachon of disclp!ines may be most effectlve in a

University environment as is clearly illustratedalso by the following quota-

tionfrom a letterwritten by W_l!iam A. Baker, a physicist ann a consultant

(on Lasers_ *_*hc 51cD...._ii Azrcraf_ Corporation:"_t St. ' .....TT_;.........

i where Iteach Physics, Dr. Privitera and lhave been planning to study the

effects of low-power laser radiatmn ... on amoebae and other primiti;e life

} forms. "

The tzrst suggestion for using lasers in retinal photocoagulation was made

to the investigating ophthalmologist by a physiczst, working for a hrm
i

-; revolved with the manufacture of lasers. The physicist knew (hisuncle is an

i ophthalmologist!) about photocoagulatmn techniques and, in a typical example

of "metaphorical thinking", contacted a numbe_ of ophtha!mologis_s.

'_ S,milarly, itseems natural that dermatologists should have been mvol,red

__ early, as they, too, use (UV, IR)radiation frequen'dy. Furthermore, manu-

facturers of such a powerful, radiating device as laser, mzght well be

t
expected to concern themselves witt: the device's biologic and dermatologic

I effects because of and general safety considerations.in-plant

!
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Finally, it may be of interest to note that, among the twent:_ teams

currently investigating biomedical laser effects, all are Either conducted

by biologists with the assistance of laser technologists {physicists) from

the laser producing firms, or are undert,_ken at these firms directly.

I
[

l i

E

r,
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I IV. COMMUIkrICATION OF GOVERNMENT RESEARCH

I A. Introduction

"Transfer of inforrozi_onis an inseparable part of research and develop-
3

-'_ ment. All those concerned with research and development - individual

-T
_. scientists and engineers, industrial and academic research establish-

ments, technical societies, government agencies - must accept

- responsibility for the transfer of information Ln the same degree and

-!

i spiritthat they accept responsibility for research and development i*self."

With this charge_ the President's Science Advisory Committee (4)

-i
-" proceeded to develop tts recommendations to the technical community for

-7
improverr,ents in the transfer of information. Although a large portion of

responsibilityfor information transfer must ultimately reside with the

-- individual scientist, the communications framework within _hich he operates,

-I

1 the inducements and impediments to communication, will influence the spirit

and effectiveness of his response. Government agencies can and should provide

]
the framework and inducements for better communication of research results.

] Unfortunately there are many uncertainties regarding to improve
how the

q transfer of information and therefore the steps which government agencies

should take to most effectively disseminate information, particularly blomedical

il information, a_e poorly uefined. Research is underway to attempt to elucidate

iI these factors, but only on a relativelysmall scale. Senator Hubert H. Humphrey,

L -!
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Chairman of the Subcommittee on Reorganization and International Organizations,

Committee on Government Opera on, U. S. Senate, in March of 1962, reported

that although steps have been taken by the U. S. Public Health Service "its

information policy, organization and procedures are hopelessly out-of-date

toldinadequate" (62). Senator Humphrey went on to observe that the National

Institutesof Health were at thattime spending only a fraction of one percent of

their research funds to finance research on how best to disseminate research

findings. It is implied that the need for further information on dissemination

procedures is self-evident and that Congress is sympathetic to the needs for

' fh'lancing research in this area.
i

The objectives of Federal agency programs in information transfer are

].

i to report and disseminate the results of research, new ideas, and innovatiof.q

as widely and as rapidly as possible. However, with respect to innovations,

[ the dissemination of information does not insure adoption.
{

Itis axiomatic h_ the innovation diffusion process that an individual
!

I adopt a new idea as a result of his being "told of It" m the right place, at

the tim_ and in the Itis recumbent the -
right right way. upon government

_ the largest sponsor of innovations - to insure that al_J_lpotential users of its
ideas

I
i l)are awal-e that the ideas exist

2} know how to get a description of them

1
3) are aided in ret1"ieving the des'.'r_d information.

i
' bio-d_namics, inc.
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I Ideally NASA would foster the use by life scientists of the ideas it has sponsored

by:

1) making all of its life science research quicMy, easily anti constantly
-i available to all life scientists.

2) informing life scientists :::of the kind of information ithas in the

_, physmal sciences and engineering, and insofar as possible, announcing

' such reformation in terms meaningful to probable users in the life

sciences.

: 3) strongly encouraging the scientists it supports to get their ideas out

into the community.

F

- The following sections of this report review how NASA is currently

-_ going about doing this, and how its procedures compare in nature wiTJl those

used by another mission-oriented agency (AEC) and a basic research-oriented!
-- agency (ONR). The National Science Foundation has been most active in the

study of the problems of communicating the results of government-sponsored

(and other) research. One of its contributions to the scientific community

has been to publish, in a standard format, the information serwices of various

] federal agencies. As of October, 1963, papers had been pubhshed by the

Foundation describing the information services of the follewing agencies:l
Departments of Agriculture, Commerce, Interior, Treasury, and Air Force,

! the FAA, Government Printing Office, Office of Naval Research, TVA,

-! Veterans' Administration, FCC, the Smithsonian Institution, and NSF itself.

I _:_andthose who support the life scientist: bio-mathematicians, etc., and themedical equipment and material industry.

I bio-d_-namic s, inc.
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B. National Aeronautics and Space Administration

The 1Policies and procedures which NASA uses to dissemLnate its research

results and to disseminate other information of significance to NASA programs

are outlined in the following paragraphs. At this time NASA does not have a

published set of official politics and procedures defining the information gathering

and dissemination program, but such a manual is in preparation.

The current NASA information transfer program is operated according

to the following principles (63):

_- a. Documents should be written for, and dissemination directed to the

ultimate consumer of the informahon - the scientist, the engineer,i

! ,. and the laboratory worker.
i

i I b. The value of information may depend on the timeliness of itstransfel-.I Therefore acquisition, processing, and dissemination must proceed

I i without delay _nce an item of information is discovered.

] c. Integration of the NASA information transfer program with other Fro-

I
grams will enhance the effectiveness of each system. The NASA Office

I: of Scientificand Technical Information (OSTI)works closely with the

Armed Services Technical Information Agency (ASTIA), AEC Division
of Techmcal Information, National Science Foundation, Department of

i Health, Education and Welfare, Office of Technical Services (OTS) in

I *he Department of Commerce, Federal Aviation Agency, and a number

I bio-d_fnamics, inc.
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T
- of professienal societies to insure prompt exchange of information.

d. Decentralization of storage s,_dsecondary dissemination sources provide

more rapid access to the information by more users. NASA automatically

distributes documents to the OTS deposltory hbraries and to universities,

colleges, public libraries, and domestlc organizations which agree either

to exchange reformation with NASA or to maintain depositories of NASA

publications for public use.

e. T_chnicai reports which are the primary records of NASA research

must be supplemented by secondary publications which review, collate,

resynthesize, 2nd integrate the mass of material in the primary records.

NASA formal reports are prepared as the basic information source which

describe as fullyas possible important NASA research results. Responsibility

for preparation of these formal reports lies with the individual Research Cen-

ter and the Program Office. These reports are reviewed at several levels before

release to OSTI for printing and dissemination. NASA TechmcalNotes are

published to cover studies of more hmited scope. Reports w'h_chwill have

limited distribution, for security or other reasons, are published as NASA

Technical Memoranda. NASA also publlshes a series of Technical Translations

covering information published in foreign languages which are judged useful

to NASA projects. A seines of NASA contractor reports and a series of re-

prints of published articles (reporting NASA sponsored research results

_.amlc s, l_C.
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in scientific and professional journals) are planned. In the past only a

selected few centractor reports have been published as NASA formal reports.

NASA is also producing a number of Special Publications which include

proceedings of certain conferences of symposia, state-of-the-art monographs,

handbooks, and special purpose reports. In general, these special publications

are prepared by organizations or individuals outside OSTI.

Formal NASA technical publications and abstract journals are auto-

maticaily distributed to NASA centers, conzrac!ers, sub-contractors and

grantees, other government agencies and their contractors, depository libraries

at most universities, a large number of pub]'_c libraries, the 12 Federal

r-_

[, Regional Depository Libraries, and to other organizations which agreed to
i:

exchange technical information with NASA or to maintain depositories of NASA

publications for public reference. Unclassified formal NASA publications are

I also released to OTS for sale to the public.

Questionnaires proposed by the project staffwere sent to twelve deposi-

I
_I tory libraries in early 1963 in an attempt to assess whet groups might be using

li NASA disseminated information. Eight libraries returned completed question-
|:.

naires. Responses to questions are listedbelow.

I}
1. Seve_ libraries did not announce newly received NASA documents. One

li library circulated a monthly listof government publications received.

U
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2. Seven libraries reported that newly-arrived NASA reports were not

distributed to research or other groups for review. The other library

responded that although not automatically distributed for review, all

NASA documents were filed in the aeronautical section where they

were heavily circulated among faculty, research groups and students.

3. Five libraries reported that NASA documents were used primarily by

aeronautical engineers, one cited applied mathematics, and two libraries

reported that they could not estimate which disciplines made the most

use of NASA documents. Industrial firms and mechanical engineers

were mentioned after aeronautical engineers, as secondary groups in

i frequency of use of NASA reports.

4. Only four of the libraries could report that they had received requests

for NASA documents from medical or biological research groups.

I The Director of OSTI recently summarized the duties of his organization

with the s_atement, "Our job is to provide effective communication". Thus

.1
affirming that the collection of information and the making of this collection

I
•I available to those who want itis not sufficientto promote the effectiveness of

i NASA litera',ure. NASA has contracted with the Library of Congress to abstract
the world aerospace medicine literature. These abstracts have been published

in the Journal of _erospace Medicine. NASA has also contracted the American

Institute of Aeronauti,_.s and Astronautics to provide an abstracting and announce-
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ment journal covering aerospace publications in both foreign and domestic

journals. Abstracts from the Libra,-_yof Congress qroup are now" included

in this publication, International Aerospace Abstracts (IAA). Documentary

and technlcal report literature, both domestic and foreign whether generated from

NASA's own program or not, are abstractea and anno_mced in the semi-

monthly Scientificand Technical Aerospace Reports (STAR). Together

. IAA and STAR provide comprehensive reference service covering the aerospace

field.

With respect to transfer of information by NASA grantees or contractors,

no officialpolicy has been published. Reporting requirements are established

for individual contracts or grants, but officialprocedures and policies govern-

ing publication in the scientificliterature or presentation at technical meetings
are not available. Since many contractor reports are not widely disseminated,

and since the results may not be summarized in formal NASA reports until

considerable time has elapsed, a system for reportmg new technology has

ti been established. Contractors are required to continually review the results

• of the work performed to icentify innovations ("A means of accomplishing

a work objective either more effectively than before, or for the first time").
J

.J Reportable items are to be promptly reported in writing, and every six months

a summary of the review activities is.to be forwarded to the Contracting Office,

regardless of whether or not reportable items have been identified. After

j! bio-d_nmmics, inc.
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completion of the contract work the contractor must listall reportable

items or certify that there were no such items.

C. U. S. Atomic Energy Commission (AEC)

I
The AEC maintains a Division of Techmcal Information (DTI) which

is responsible for the development of technical information policy, and which

performs certain specialized information dissemination functions. In general,

the preparation and distributionof most technical reports is carried out or

a decentralized basis by AEC contractors. However, DTI continuously

reviews the foreign and domestic literature in the fieldof atomic energy, announces

sources of information, and abstracts and indexes such information. In addi-

tion, DTI prepares bibliographies; both comprehensive formal bibliographies,

and less formal "literature search" bibliographles. AEC technical information

J
t

services are described in detailin TID-485 (4th rev) available from DTI

I Extension in Oak Ridge.
. J

AEC sponsored research results are disseminated through a) Technical
I
t

Reports, b) Technical Books, Reviews, and Cqnferences, c) Publication in

i the open Scientificliterature, and d) Abstracts and Bibliographies. The'!

] technical reports issued by the AEC or its contractors may be: a) topical or

final reports, b) progress reports, or c) nuclear explosion effects reports.

t
The topical or final reports "contain accounts of completed investigations on

a specific subject. " Progress reports "summarize the results of work on
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particular projects at periodic intervals". (64)The nuclear explosion effects

reports are of a special nature and need not be considered further in this

discussion. The policy governing the generation of these reports is:

All research and developrrert activitiesproductive of significantinforma-
l

tion shall be promptly and fully reported to the AEC.

t Technical information resulting from research and development work

shall be reported in distributable documents for dissemination as the

i AEC directs.(64)
I

i Technical reports are distributed by the issuing organizations to installations

I i having an interest in, or a requirement for, the information in the reports.

, DTI Extension in Oak Ridge receives sufficient copies of the reports to filli
I

specific requests and for distribution to other o-qanizations which have a need
I-

1 for the information but are not listed ip the: standard distribution list. Standard

i" distributionlistsare prepared pe-'iodicallyby DTI and lists organizations which
;k

will automatically receive reports in selected subject categori,s. The issuing

I
I organization also indicates to Di'l Extension ifthe report woulJ be pe_tinent

_ to the work of other installationshsted in the standard distr:,,u_1onlistunder

a differentcategory. Copies of unclassified AEC Techn[_ _ }_:_,ortsare

| supplied to deposP.ory college, university and pubhc lib__:ies as well as other

" government agencies and contracters. Depository lib,*'ariesoutside the United)

States and officialforeign agencies may also receive these reports, hl addi-

!!
t
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tion to abstract journals for classified reports the AEC provide3 the semi-

monday Nuclear Sciences Abstracts and every three months the Research and

,,
,: Development Abstracts of the AEC. Information from a wide variety of sources

are indexed and abstracted in these journals.

The AEC _ontracts for preparation of Technical Progress Reviews which

"digest and evaluate significant developments in qelected areas of nuclear

science and technology". These reviews also serve as summary and reference

1 sources for the dissemination of information gained in both the classified and!
I

unclassified programs. Reviews are issued quarterly in each of five specific

1 technical areas. Dissemination of these reviews is automatic to official users

and may be obtained by others on an individual-issue or annua/-subscription

basis from the Superintendent of Documents, U. S. Government Printing

l
j Office.

I "The AEC and its contractors sponsor, support, or participate in

J
virtually all important meetings and conferences on atomic energy" (64)

!' Proceedings of these meetings sponsored by AEC, or in some cases even

when not spon'ored by AEC, are pub]ished and issued as Technical Reports.

DTI arranges for the traz,_lationeulddistributionof foreign language books

1' _nd proceedings, and AEC contractors generally procure translations of

shorter works relevant to specific AEC projects in individual laboratories.

I bio-d_fnamics, inc.
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l The AEC actively encourages publication by contractor and AEC personnel

of uncl_s_ied work in established scientific and technical journals. In addition,

[
AEC contractors may exchange information with other individuals or organizations

i I "It is the policy of the AEC to permit and encourage, to the maximum

i extent practicable, the dissemination and exchange of unclassified
technical information among scientists and techr.icians of this and other

I nations. The purpose is to provide that free interchange of ideas and

i criticism which is essential to peaceful scientificand industrial pro-
• gress of mankind and to enlarge the fund of technical information. "(64)

I Copies of Exchange material received by contractors should be sent to

, DTI Extension for possible refer_ ruing and abs+.ractLng. Copies of papers
submitted by AEC contractors to technical journals er intended for presentation

dr

• _ at technical meetings should also be sent to DTI Extension for general

i _ dissemination, referencing, and abstracting. In general, all repots which

do not appear as journal publications or oral reports (to be published in

proceedings) are given standard distribution, this includes Lnternal or

informal reports by the contractor. The originating organization must justify

any recommendations for distribution limitations.

|
!
!
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i D. Office of Naval R__search

•_ "Full disclosure of information obtained under research programs

supported by ONR is a requirement in all contracts. It is the respon-

sibilityof every ScientificOfficer to ensure thatthese reports are

I made available to those who need the information and have the proper

security clearance. " (65)

, Reports from ONR supported investigators are intended primarily to

] keep ONR advised concerning progress and results of the research project.
I
I

In addition, project reports may be used to communicate information to

other scientists who need such information more rapidly and in great detail

than might take place through conventional scientific communication channels.

However, "the general po}icy of ONR is for the interchange of scientific

-]" information to take place in, established channels. Furthermore, it is the policy

| of ONR to strengthen these channels when desirable. " "Since payments under
!

ONR contracts are contingent upon compliance with the report requirements,

!I tirnelysubmission of _eports is advised. " (65)There _s modera.e flexibility

] in the type and frequency of reports required, thus allowing the ONR Scientific
li

Officer to tailor report requirements to the individual contract need.

Contractors prepare technical reports when specific phases of the pro-

]ect are completed or when research results of sufficient importance to

justify wide dissemination are obtained. These report. _ are not issued at
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I fixed intervals, '_buteach is expected to be scientificallycomplete". ONR

,- ",,,'ill accept reprints of published articles as technical reports ifthey meet the

above criteria. An annual summary report is required if no technical report

is issued during a contract year. At the completion of each contract task

a final report will be issued summarizing all work accomplished and referencing

technical reports for any details pre_iously reported. The final report also

includes an index of all technical reports and publications issued under the

i- , ..

contract.

t For each report the investigator follows an :'authorized distribution
i -

I which may not be changed without the approval of thelist" Scientific Officer

[_, However, the Scientific Officer has the freedom to make up a special dis-
tribution list for a report when he feels it is advisable. It is the responsibility

of the investigator to make the initial distribution of his reports. In practice,

Ii manuscriptswhichmayultimatelybedesignated asunclassifiedtechnical

reports may be distributed to anyone in the scientific community that the

i ii investigator feels should receive such information. This dissemination,
prior to approval of the technical report, is considered to be advanced infor-

=

mation and not an officialreport.

The Defense Documentation Center is always included in the authorized

[] distributionlist. Immediately upon receiving the report DDC distr_utes

the report through ASTIA to DoD agencies. Unclassified reports cataloged

bio-dynamic s, inc.
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and abstracted in the ASTIA Technical Abstracts Bulletin {TAB) are released
]

to OTS for announcement in "U. S. Government Research Reports" and sale

: to the publicI

Additional information dissemination is encouraged in several ways.

When a research program is first initiated, a work statement of the research

to be performed is transmitted by ONR to "_he Scientific Information Exchange.

In addition, "itis the policy of ONR to encourage scientists working under

ONR contracts to present the results of their uwestigations at scientific

meetings" (65.) No prior approval is necessary for expenditure of contract

funds to cover expenses for attending domestic scientificmeetings at which

subjects relating to the research contract are presented. In general, each

investigator has in his contract funds provisions for attending at least regional

society meetings in his specialty. Travel to meetings outside the U. S. is

permitted on contract funds, but prior ONR approval is requi_ed for such

expenses. Presentation of papers at domestic meetings does not require

prior approval, although copies of the abstract of the talk should be for-

warded to the ScientificOfficer and Contract Administrator. ONR supported

investigators are _ncouraged to publish in the scientificliterature. Es[ablished

i

page charges assessed by scientificor technical journals are an allowable

contract cost. No prior approval for unclassified publications are required,

but "at the time an unclassified manuscript is sent to the editor, the author

bio-d_fnamic s, inc.
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'_ [ should forward a copy to the cognizant ScientificOfficer for reformation and

review." However, security and policy review is required before submission

of a manuscript to a foreign journal

E. Inter-Agency Comparisons

In regards to contractor or grantee activities, leading to the publication

of government sponsored research results in the scientific literature, presenta-

tion at scientific meetings, or exchange between scientists or organizations,

both ONR and AEC have a positive policy of encouragement while NASA has no

published policy. With respect to technical reports, both AEC and ONR require

contractors to submit their research resuJts in a form suitable for distribution

as a technical report. Primacy dissemination of soch repoi _s is inade by the

contractor. However, under NASA procedures only a limited number of

contractor reports arc released as technical reports, and then often only after

a modest delay for review.

ii In general, scientists are highly motivated to have their vork pub-
lished in scientific journals. Although number of publications is not a

reliable index of scientific accomplishment or competence, it is commonly

used for such purposes. It is therefore anticipated that much of the NASA

supported research which is not now appearing m print will eventually

be submitted for publication.

bio-dynamics, inc.
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A sur_zey was undertaken to determine the comparative numbers of

recently published articles in selected life science or interdisciplinary jour-

nals which describe results of NASA or military service sponsored research.

Journals reviewed were the Journal of Applied Physiology, Journal of

Neuroph_stolog_f, Journal of Physiology (London), Human Factors, and

Science. Results of the survey appear in Table 3. With the exception ot

Science, articles appearing in these journals infrequently cite NASA support.

However, in conducting the review a number of articles originating in major

aerospace contractor firms were noted which did not acknowledge NASA

support. In addition, much of the Air Force suppor[_'] research was also of

direct concern to the NASA program. The Science survey is encouraging

since there is an accelerating trend in the percentage represented by NASA

supported publications (an increase from 0.3 to 1.7% over four successive

six months' periods). Articles appearing in the other journals generally

represent work completed up to a year or more previously while Science

has a publication delay only a few months. These data are consistent with

the hypothesis that it takes several years after the award of a research con-

tract or grant before the work is prepared for publication - early publi-

cation of results may appear in Science many months before more extensive

reports appear in the technical literature. The growth history of NASA

grants and contracts in the life sciences suggests that the present rapid
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TABLE3

To:al No. Air

Journal and Period of articles NASA Army Force Navy

J. Appl. Physiol.
Jan.-June 1961 135 0 1l 13 11

July-De_ 1961 127 0 11 8 4
,' Jan-June 1962 136 1 8 16 9

i July-Dec. 1962 99 0 6 9 9
I

I : Jam-June 1963 136 1 7 10 5'i

i July-Sept. 1963. 81 1 5 8 4
.!
,I

t !- J. Physiol. (London)_- vols, !55-167 _: 448 0 4 17 7
t

i ii J. Neurophysiol.1960 53 0 1 3 1

1961 48 0 0 0

.: ,_ 1962 50 0 4 4 3

l_ 1963" 61 0 1 9 0

Science

_! Jan.- June 1962 290 1 8 3 7
July-Dec. 1962 326 2 12 7 15

Jan:June 1963 498 4 9 5 17July-Dec. 1963" 518 9 20 8 17

Human Factors1961 25 1 1 2 10

1962 37 0 3 4 13

1963" 28 0 1 7 3

*incomplete sample

f
f
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I increase in the number of Science type early reports will soon be followed

_7 by an acceleration of reports in lifescience specialty journals. Ifthis pre-

diction proves true, communication of space technology innovations to life
-]

I scientists will be greatly improved, ifan increase in the number of NASA

supported publications is not observed in specialized lifescience journals,

additional encouragement for such, through officialpolicies, may be needed.

F. School of Aerospace Medicine Documents

While the formal journal literature m the lifesciences has been growing

in recent years, an even more rapid proliferationhas been seen in the

"technical reports" area. In the course of our study one recommendation

which was repeatedly made by lifescientists who were interviewed was that

NASA establish aseries of reports dealing strictlywith bio-medicine (most

interviewees were not NASA supported and were not aware of the relatively

1 few biomedical reports issued by NASA to date). In order to estimate the

possible usefulness of such a series, which might be distributed to any

.1 interested life scientist free of charge, an investigation was undertaken

i of the system presently used by the Air Force School of Aerospace Medicine.

1. Dissemination Procedures
"!
1

The USAF School of Aerospace Medicine (SAM) Technical Documertary

i Reports are sent automatically to qualified requestors who are on the SAM
J

mailing list. Individuals or organizations may become subscribers by corn-

bi__o-d_namic s, inc.
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I pleting a form (giving name and address and checking off which of 19 fields

are of interest to the requestor). Most indi-iduals and organizations are

[
regarded as "qualified requestors". In addition, qualified requestors may send

[ for specific SAM reports. Approximately I00 personal requests for documents

are processed each month by SAM Publications Branch. The current mailing
list for automatic distribution of SAM documents has increased to about 6000

i- names from 900 names in 1956. The New England area list contains approxi-

}- mately 200 names, of which about 75 appear to be non-military and non-
!

missile industry requestors. In addition, SAM documents are automatically

il distributed to ASTIA, OTS, and are announced in the U. S. Government

_ technical abstract bulletins.
2. Me stionnaire s

ii Since the SAM documents and their dissemination procedures represent

i a distinct form for the communication of aerospace research results to non-
aerospace related life scientists, it was decided that the effectiveness of this

L m_thod should be evaluated. Since it was impractical to survey all requestors,

and since the use of these documents by the military or missile industry was

not of concern to this study, onl:_ the 75 New England non-aerospace or military

requestors were selected for the survey. It is recognized that this sample

I represents a geographically biased group, but the advantages of ease of

follow-up appeared to justify thi_ expediency.

[
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A questionnaire was developed which would provide reformation concerning:

a) how the recipients firstlearned of the SAM documents, b) whether they

initiallyrequested documents which they thou1_htwould relate to their own

work, c) what documents, ifany, have aided the requestor's research or prac-

tice, d) what documents, ifany, have been cited by the requestor in a biblio-

graphy, and e) any general comments or suggestions regarding the SAM docu-

ment form of communication.

3. Results

Of the 75 _uestionnalres sent out, 43 were returned (57%). Answers to

the specific questions are listedbelow.

Question

1. How were you first madc aware of the existence of SAM articles o
Associate R_fe__nce , Other {please explain)

Answers

14 responses listedassociate

8 responses listed reference

1 response listedboth reference and associatc

20 responses listedother sources; 5 worked at SAM, 5 listed reprints or

sample copies, 4 cited meetings or conferences, 4 cited courses at SAM

2 stated that they could not recall.

i responder leftthis question blank.

i

!
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Question

2. Did you initially believe that SAM research would relate to your work o
Yes No , Please explain

Answers

40 responded yes.

3 responded no.

Explanations were given by ii of those surweyed (allbut one of whom had

answered yes to the firstpart). Explanations were:

Associate a_ SAM knew that work was of interest to me.

Generally related to own work

'_ Interested in human factors and human engineering
4

" " pathology

i .... periodontal research

i " " psychiatry in aviation medicine

I I" " " psychophysiology
" " radiological effects

Work at SAM was unknown before

1 l! Believed useful for teaching

Persormally interested (answered No to first part)

Question

3. Can cite SAM which have aided research
you specific papers your or

practice activities?

bio-d_namic s, inc.
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i Answers

Complete, specific references:

SAM-TDR - 60-77 Shannon and Prigrnore

SAM-TDR - 61-31 Prigmore and Shannon
SAM-TDR - 62-79 Shannon and Herter

SAM-TDR - 62-95 Shannon and labell

SAM-TDR - 63-63 Ulvedal, et al.
SAM-TDR - 63-53 Ulvedal, et al.

Fife - Importance of stomach and other extrathyroidal, extrarenal avenues
of iodine loss during thyrold uptake tests.

SAM-TDR - 60-57 The effects from massive doses of high dose rate

gamma radiation on mondeys

SAM-TDR - 62-29 A survey of C'p'd's for radiation protection

SAM-TDR - 62-39 Rad_obiologic experiments in discoverer satellites
- 62-46 XVIII

Instrument for measuring tooth mobility

Telemetry devices for dental research, Aug. 19, 1963

SAM-TDR - 63-27 Psychiatric aspects of simulator

SAM-TDR - 55- I Psychiatric aspects of simulator
SAIvI-TDR - 58-147 " ' .....

SAM-TDR - 59- 4 " .... "
SAM-TDR - 59-11 " ......

SAM-TDR - 59-12 ' ..... "

!

SAM-TDR - 5-59 sensory deprivation i
!

_AM-TDR - 56-133 Expectation of food reward as the reinforcing agent
in a learning situation i

SAM-TDR - 57-52 Probability and statlsticsin item analysis and

classificationproblems

bio-d>mamics, inc. i
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The First InternationalSymposium on Cardiology in Aviation

Ware, F., Effects of Co-deficiency and excess in frog heart, Aug. 1962

2. References identifiedby author or title-

Shannon's work in general waz cited by five respondents

Welch's work on closed ecosystems

, Hodges' work on discriminatory analysis

I : Gerathewohl's work on effects of weightless state

: Cibis' work on toxic effects on retina

I,ectures in Aerospace Medicine

Ii Papers on stress in oral surgery

i Papers on salivary gland physiology

Eva]dation of Beles categories in space flightsimulator

Biological systems of discoverer satellites XXIX and XXX

_ Annual repo_ts of Space Medicine meetings

3. SAM's research areas cited as being useful:

Vertigo

P_monary studies

_llergic phenomenaCO in cloccd environments
Catecholz mine measurement

[_ Hypothe rmiaEarth's environmental conditions

Epitome of space medicine

Simulated Martian environment
Space biology
Stannous fluoride studies

I
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Air bearing high speed endpiece

Psychology in general
Human factors

I_uman engineering
Endocrine reaction to stress

Drug effects on performance
Stress m dentM patients

Chemical correlation and systemic status m periodonal disease
Surface contour changes after tooth extraction

Instrument for measuring horizontal tooth mobility
Development of telemetry device for dental research

i Reiationship of sulfate to initiation and rate of formation of bone
_! Measurement techniques (dental)

Dental Research

] One respondent felt that his use of SAM documents was too extensive for

listing, several stated that the reports they listed represented "just a few" of
those which aided their research.

]
Question

4. Would you please list SAM reviews that you have used in a bibliography_

Answers

31 have not used any reviews m their bibliographies

12 have used reviews in their bibliographies

The following SAM reviews were identified:

SAM-TDR- 61-45, April, 1961, Prolonged hypothermia

SAM-TDR - 63-34, Task No. 775 801

SAM-TDR - 63-33, Task No. 583-002

:1 SAM-TDR- 62-97, TasKNo. 27608

,I bio-d_mamics, inc. :!
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SAM-TDR - 61-106 Dental Caries and Systemic Status

SAI_-TDR - 62-29 A Survey of Compounds for Radiation Protectic

SAM-TDR - 60-57 Effects from Massive Doses of High Rate Gamxi_a

Radiation on Monkeys

May, 1962 - Effect of Aqueous SnF 2 on Enam_ I _¢e!,_,h_lity

, V_.-heaton,J.L. - Sensory Deprivatior, Studies - Fact and Fancy

The following reviews were identifiedin a somewhat vague manner:

r- Study in which cold rats pressed a bar to turn on heat lamp for a briefI
| period.

Fine struct_.Iralchanges in endocrine tissues during stress.
r- Plans are to use in a book on transfer.

I' Reviews used in bibliography are too numerous to list.

Used 15 SAM reports, but no SAM reviews.

•- Mostly lectures in Aerospace Medicine.l.
Two respondents indicated that they use SAM literature for teaching

r-

E purposea. Their response,_ are quoted below:

. "Salivary Gland Diseases (non-published) - a teaching file of slides andreports:'
II

"Material has be_en used for teaching purposes.

Several respondents stated that while they had often made references to SAM

I reports, none of these were reviews.
Comments

I Eight of the returned questionnaires included general comments on the

I SAM documents. These comments are quoted below:

i. "Find p,,bhcation interesting and hope to continue to receive them. "

I 2. "I use the SAM reports mostly as a way of maintaining some awareness

!
I b_io-d_namic s, inc.

!

1965007331-097



-87-

of developments in f"=lds somewhat different in emphasis from that which

is my primary interest. "

3. "The quality of SAM papers are very good. I'd endorse their work highly. _

4. "My main reason for continued interest in SAM activities is to continue my
contact with aviation medicine, particularly as it applies to my present

specialty of psychiatry. "

5. "It is my impression that a more detailed card than is no-: used to

class!ey reciments interests might be used ! re_=elve both material which
greatly interests me and material most distant from the area which I

indicated on the yearly postcard. "

6. "I am kept uu*ormed about many things I need to know about - its a good
service. "

7. "It is my opinion that t'm 3AM reports are of extreme value m the Federal
Government - Civilian sha_ ing of research in_formation. "

8. "I appreciate receiving these issues and although _everal do not have
direct pertinence to my work and rescarch they orovide good opportunity
to evaluate related fields. "

G. Communication of Research Results by NASA Grantees

At present the principle cha_nels, other than Tecl,nical Reports, for the

com,nunica_ion of research results from NASA sponsored stuAies at univer-

sities, institutions,or industrial laboratories are those adopted by the

individual investigators. Information transfer through publication in the

technical literature or personal contacts between scientists, is dependent _n

t,leindividual grantee or contractor for implementatio_l. Consequently, a

knowledge of the communications habits of those grantees working in areas

i bio-d_a_amic s, inc.
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likely to have findings or innovations transferable into non-space related

life sciences would be of value to this study.

A questionnaire was developed and sent to the principle investigators

listed for 58 NASA research grants. Questionnaire recipients were selected

on the basis of work statements which appeared to have possible transfer value

into non-space related life sciences. Responses were received covering

36 (62 percent) of the research grants, although three of the responders

returned blank questiormaires. * Thus information regarding communications

habits of the investigators for 33 NASA research grants was obtained. These

I
_. research grants had been in effect for varying periods of time, ranging

- from completion more than a year age _o hn_tiation only four months prior

to receiving the questionnaire. Questions and responses are listed in detail
I:

I' in Appendix A, and briefly summarized in the following paragraphs.

I_ Large individual differences in amount and type of communications were
I"

noted among the questionnaire respondents. For example, 27 of the 33 who

completed questionnaires indicated that their research results have been

I presented at one or more domestic or foreign scientific meetings or specialized

_ * Explanations for not answering the questionnaire were:
a) No aerospace research scientists are utilized on our work for NASA (return

from a large research firm).

4 [_' b) not involved in biomedical research (return from a university space bio-science,
! unit)

| c) recently began program so naturally have no publications or reports (return
[_ from a university professor)
1i
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conferences or symposia. One investigator reported that his research results

had been presented at 29 such meetings per year, while the mean and median

values for all respondents were 3. 3 and 1.6 meetings per year respectively.

Only one of those respondents whose research results had not been presented

at any meetings cited inadequate NASA funding for such attendance. Most

responderts reported that NASA financial arrangements were adequate for

attending meetings, but inadequate for foreign meetings. Reports of nurnber of

i meetings attended, domestic or foreign, were not highly related to the reports

of adequacy of financial a1:rangements for attendance at such meetings.

Six of the respondents indicated that their NASA sponsored resea_ :h results

i ave appeared in books, and two more indicated that manuscripts are currently

in preparation. Nine respondents have had their work reported in commercial

-i
publications (newspaper, general magazines, etc. ). Twenty respondents have

-| published in scienth'ic journals, or report articles in preparation or accepted
!

for publication. Those respondents whose NASA sponsored research findings

have been published generally report numerous requests for reprints, both

1 from individuals working in their own discipline and in other disciplines.

Publications cited by respondents totaled 7 in 1961, 12 in 1962, 18 in 1963

i (up to November 1963), and an additional 17 in press or submitted for publication.

I
I

I
i i
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Those who returned the questionnaires generally discuss their work with

from 2 to 30 colleagues per week (median of 5), and spend from 0.25 to 40

h;urs per week in such discussion (median of 5 hours per ".,eek. ) These dis-

cussions were generally regarded as a valuable source of new information,

although several respondees indicated th,._ their colleagues do not supply any
!

new information. Those scientists who do not obtain new information from their

t_ colleagues spend appro>.imately the same amount of time in such discussions

t- as those who do receive re_formation. Number of NASA supported publications

by these scientists did not appear to be dependent on communications with
F

[ colleagues, visits to other institutions, or quality of available library

facilities.

[
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V. TRANSFER OF AEROSPACE TECHNOLOGY INTO

THE LIFE SCIENCES

A. Representative Recent Technological Innovations in Biornedicine

Before censidering the mariner in which the space program has affected

biomedicine, and the contributions whlch are anticipated, we shall review some

trends in biomedical innovation. The innovations which have aided the advance

of diagnostic and curative medicine in the past two decades have drawn heavily

from the physical sciences and engineering. As Dr. Orr Reynolds has put

it, "There has been no large industrial segment developed as a component of

!

{ biological sciences as there has been in physics and chemistry. The state,

i therefore, of self generated technology for biology is low." (66)
!
!

!. Cardiopulmonary - Renal Physiology

i Procedures for circulating blood outside the body, and the development of

i associated linear flow, pulsatile flow, and disk and bubble oxygenators, have

come into extensive use for cardiac and neurosurgery and in the experimental

i laboratory.

The fluoroscopic amphfier has made possible contrast cinefluoroscopy,

il simultaneous viewing of radiographic investigations in progress by severalI
observers, and decreased radiation dosage to patients and operators. Associated

! with this development has been the increasing use of rapid changers for sensi-
I

!

tire radiographic film, for use in angiography (radiography of the heart).

• bio-d_fnamics, inc.
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'_ [ The development of water-soluble angiographic media has been of
great

assistance in increasing the safety of these procedures.

The recent development of ultraminiature solid state circuits for telemetry,

associated with an accelerated development in the fieldof physiological trans-

ducers, has produced encouraging results in applied physiological measurement

in the fieldand laboratory.

A significantdevelopment in the analysis of electrocardiographic potentials

has been the increasing use of vectorcardiographic methods along with
i
I

l continuing work on penetrating theoretical analysis of bioelectric field

phenomena.

i
i Thermal and isotope-dilution methods for the measurement of blood volume,

i and continuous recording techniques have made itpossible to follow, clinically

l-i and in the laboratory, a variety of circulatory states (failure shock), and

i !- their amelioration by therapeutic maneuvers.
t;

Theoretical advances have been made m recent years, including some

'I I_ discussions of the Lapalace phenomenon with regard to the size of cardiac

Ii chambers, and the preliminary analysis of the function of the peripheral arterial

J _ system by means of analogue computer simulation. Recently, an analysts of

the origin of cardiac sounds and murmurs, based on the Aeolean harp phenomenon

_I (thevibration of strings as air flows by them) has been attempted with considerable

J
d
1 success.

bio-d_mamic s, inc.

11+

1965007331-103



t

-93-

Cardiac catherization, although not new, has shown continuing development,

and newer transducers have increased its effectiveness.

Open-heart surgery has progressed and the more complex valvuloplastices

are now replacing the older valvulotomies m the treatment of valvular heart

disease. The valves used are far from perfect, the major problem being intra-

valvular clottin_and dissemination of emboli.

Phonocardlography has developed rapidly, and harmomc analysis of

acousticardiac phenomena will undoubtedly prove helpful m diagnosis when
I

its implications are fullyunderstood.

} An extremely significantdevelopment, supplementing the older develop-

ments of pacemakers, both implanted and external, is the increasing use of

the precise placement of countershock during specific phases of the cardiac

cycle. This has been shown to be effectivem the reversion of atrlalfibrillation

? (_ompletely random rhythm in which the ventr_cular beat is linked loosely to

I
a rapid atrialbeat, and in which the atria do not contract e1"fectively)to normal

l
!

, sinus rhythm, pr_enting the formatlon of and the dissemination of emboli f_'om

the feebly contrecting atria.
i

Cardiac transplantatlon, both of muscle tissue and mechanical pumping

I
mechanisms has proved feasible in the laboratory, and in a very few clinical!

I

.I i cases. The major problem encountered to date has been that of clotting within.I I

il

the apparatus, and this will probably be solved by the development of the requisite

k
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liningmaterials and junction techniques, associated with more knowledge about

the nature of the clottingmechanisms.

2. Respiratory Physiology Developments

Progress has be,_nmade in the analysis of the work of breathing, and its

deficitsin the injured or in patients with various degenerative dis=as(c. The

development of technioues for the analysis of respiration by the premature

i newborn is of the greatest significance in this respect..
,i

V_nole body plethysmograDhy, continuous re_ding blood gas and blood

pH apparatus, and single breath respiratory gas analysis equipment have

l

J_ made possible rapid determinations of respiratory parameters.

ii ] Angiography and plastic casts of the tracheobronchial tree and pulmonary

I

, _ circulatory system have broadened understanding of pulmonary physiology,

I !_ and the evaluation of the effects of injury and surgery.

•-, [ 3. Hematology, Genetlcs, Metabolism.

Methods for recording red cell mass with radioisotopes, and of studying

the decay of red cell structure have progressed apace, as has the develop-

[: ment of rap_d shunting techniques for clinicalmeasurements.

A significantdevelopment in the cytological fieldhas been the development

of techniques for cytolugical genetic analysis which has delineated certain

specific syndromes, and.has provided some insight into mechanisms (Mongolism,

Turner's syndromes, etc.)

[
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T The study of autoimmune mechanisms and their contribution to blood

disease, and organ transplantation has produced some of the most significant

medical advances in the last decade•

i
L The study of the nature of DNA replication, and the possibiUty of intro-

i ducing altered DNA into mammahan cells provides promlse of major

developments in the manipulation of the genetic material. This, associated
q

.I with the development of [echniques for the analysis of the genetic "code", and

] the careful delineation ef known "molecular" diseases and metabolic disorders

is the n,ost active field in medicine today.

-i__ Improvement in analytical instruments and techniques introduced within

i the past few years have been essential to the progress in research and clt ical

practice in these areas.

a. Gas chromatography - ior the analysis of small amounts of mixed

materials, partlcularly steroids in recent years.

b. Counter-current distribution techniques - generally useful for the

I extraction of small fractlons.

I c. Diffusion immunoelectrophoresis - useful in assessing cbanges in

protein structure with therapy and development, and for screening of individual
I

differences.

d. Thin paper chromatography in two Jimensions, coupled with radio-

isotopic analysis or mass spectrometry, has provided a potent analytic tool

bio-d_namics, inc.
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i for the study of mixtures of biological materials.

e. Recent developments relating to the theoretical aspects of phase

calculations in X-ray spectrometry has led to more precise analysis of

i hemoglobin structures.

! f. Analysis of infra-red, ultraviolet, and Raman spectra have been
!

I successfully evaluating nature of biologi_.al materials.used the

• !J 4. Neurology, OphthalmoloF_y , Anesthesiology

, Probably the most significant development in neurosurgery has been the11:

V" continuing work of establishing stereotaxic coordinates in man, and the use
• _" of these coordinates in refining "stereoencephalotomy" techniques. In addit-or

routine techniques for the use of implanted electrodes in stimulation and record-

_ ing have been successfully adapted from the laboratory to the operating room.
P

[i New surgical-relatedtechniques have been developed to exploit the

possibilities of producing in the brain (a) circumscribed lesions without the

damage of intervening structures which must of necesslty result from electrode

or k_,_e 1.esions; (b) reversible lesions by cold, drugs, and high temperature

techniques; (c) new approaches to the closing of
aneurysms.

Ophthalmic surgery has increasingly utilized photocoagulation techniques.
The use of laser beams is ploducing major advances in retinal coagulation

techniqu_ o, although applications microsurgery are
ot]_ _ _ of the laser in

I _] equally promising.

bio-d_namics, inc.
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Harmonic analysis of electroencephalographic phenomenon is now an

accomplished fact, although its results have yet to produce important benefits

in the fieldsof clinicaland laboratory medicine.

Newer diagnostic _echniques applied to neurosurgery include rapid

angiographic techniques, and the use of radioactive arsenic per-fusionsof

tumors to permit localizationthrough measurement of emitted radiation.

I Many new psychotropic drugs have been recently introduced. The speed

l up in evaluating the effects of new drugs on experimental animals is due. in

part, to the use of operational techniques, and to the adaptation of digital

I computer systems for use in behavioral science studies.

: 5. Infectious Disease Developments!
The most significant advance in reccil[ years has been the production of

:i.- a great variety of synthetic penicillixis and their clinical evaluation. Some of

il these have proven to be effective and safe nor only against resistant staphylo-

cocci, but against gram-negative organisms as well.

Viral d.agnosis has become more usual, as tissue culture techniques,

il previously restricted to the laboratory, have bee,,_ adapted fo," the clinical

evaluation of acute infectious diseases.

"_] 6. General Surger_ Developments

Very recently, totallimb resuture has become a possibility. Reports

indicate that some degree of return of function has been observed. New techniques

bio-___dvr,amic s, inc_.._:.
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for gastric surgery continue to appear, intrag2stric freezing being a recent

promising innovation.

Dramatic developments have occurred in organ transplantation, neuro-

and cardiac surgery, as has been menhoned previously.

:

! i B. Trends in Resources Available for Medical Engineering Innovations
i

I t- These innovations have been made possible in large measure by the;

.V availability during the last decade of significant increases in funds for both

": research and clinical medicine, and by the availability of increasing numbers

of physical scientists and engineers and technician-level _e:-sormel.

According to the Department of Health, Education and VVelfare, total

public funds for health (as well as for education and welfare} more than

doubled in the decade ending 1962, and the per capita increase in health

expenditures rose by 60% (66a). Public appropriations for health have risen

at least as fast, proportionately, as the national research and development

budget (67) and in 1962, amounted to approximately $900 million. (68)

In addition to funds made available by the Department of Health, Educa-

tion and Welfare for research and development in support of medicine, funds

for care of patients have risen markedly in the past decade. Considering

_. only those expenditures for health made in connection with
hospltalization,

cost per patient-day rose from $9. 14 in 1952 to $19. 73 in 1962. The greatest

F
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j part of this increase went to increase m payroll of hospital staff(which rose

-_ from roughly I.I million employees to I.8 million). Payroll costs per patient-

day were $5.63 in 1952 and $13. 12 in 1962.(69_ Itis not possible to identify

I

how much of this added cost of payr._l and non-payroll items resulted from

introduction and wider use of innovations
i

The great increase in the national budget for medical research, of course,

i also lellects the growing number of personnel eng?ged in this work. The

j Department of Health, Education and Welfare measured mr, increase over 100%
!

innumbe_ of medical researchers m the six years ending in 1960. The 1960

breakdown was

Clinical specialties 10,305

Dentistry 610
Biosciences 17, 160

Physical Sciences,
Math. and Engineering 7,045
Social and Behavioral

i Sciences 3,255

There have always been physicia_nsinterested in the physical sciences

and many of medicine's most sig_ificau,tinnovations have resulted from a

physician:s "acting like" an engineer - the development of electrocardiography

by Woller in the nineteenth century and electroencephalography in 1923 by

Berge: are two classic examples.

As has been f'equently noted in this report, a highly significant

developmem in medicin ° in th_ past decade has been the growing collaboration

i bio_-d_mamics, inc.
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between scientists of differentdisciplines on a single project.

One dramatic case of the service of the physical sciences to medicine is

in the use of electronic computers. Their application to medicine has been

described in numerous reviews but their essential usefulness is perhaps best

summarized by Dr. Frank Ervin, "A major characteristic of biological systems

'*: is the Lnteraction of multiple non-linear probabiiistic processes Imaginative[.

i experimentation, which has unraveled many of these, demonstrates that no

il _ amount of instrumentation will replace the creative scientist. On the other
[

t hand, the avai 1-_l,dity of data processing techniques makes it possLble for the
l-

it

first time to investigate such processes directly. It is particularly in this

field tha' biomedical sciences have an exciting challenge - and little experience.
II

, (70)
The marriage of engineering and medicine - in which NASA is to have so

I! important a role - is reflected in the establishment of fn,-.-r,_ curricula for

degrees in medical-engineering at Drexel :n,.titute,University of Rochester,
Case Institute,and other universities. Informal liaison between schools of

engineering and n,edical centers is becoming commonplace, and agreements for

cooperative _esearch and development between hospitals and engineering con-
cerns are numerous (71).

To be fully effective this pernnanent collaboration between engineering

I and medicine must offer both competences the opportunity for prestige and

I _amics, inc.
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I professional expresslon. Historically, the physical scientistor engineer

7 h_s been the technical assistant to the physlcian, and the desire of many

_ elerrents of the medical professio_ to maintain this relationship has been

expressed by a winter in the Lancet:

"In this marriage of two disciplines, the partners, medicine and elec-i
tronics, are so well balanced that the question will soon arise as to whom should

be given the direction of new developments. The engineers have undoubtedly

stimulated the traditionally conservative doctor, but if human beings are to
be looked on as more than mechanical tools (inefficient ones, perhaps) final
control must rest in the hands of the doctor" (72).

i ;

:i Resolution of the "conflict" between the historical attitude of the physician
,!

_ toward the "instrument maker", and *fide present-_4ay need for fuller partici-i t
! I

patton of the engineer in medicine, may have to await the development of a

new generatioT, cf doctors who are sensitive to the engineering way of looking

"[[ at a problem. Dr. M. C. Brown of NIH, surveying the effort of electronics
w

:I

technology upon medical education of tomorrow, observes that although,

"the little Black box (electron,.cs) is only one part of the armamentorium

of medical research today, " it is directly affecting the criteria for selecting

the next generation of medical students, their method of medical education,

and their school facilities.

While the primary intent of this review of trends has been to identify the

effect of the newer technologies upon medicine, the past decade has seen the

great growth of the contribution made by the life sciences to engineering. In

!
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'I contrast to t_-2 older attitude that medicine's service to engineering consisted

[ largely of identifying design hazards to health, today the work of ncurophysio-

._ logists is providing objectives and guidelines for development of advanced

i_ self-adaptive computer systems modeled after the brain. More prosaic i_*e-
E

gration of the life sciences in engineering projects is represented in the paper

t} by J. R. Pierce describing the important role played by the experimental

ii_r _. mechanisms, computer application, etc. ) in the succe_ _ ;fro design of the

iI Telstar system (74).

I_ [ C. Utilizationof Space Science ar._Technologs-in Biomedicine

1. Introduction

_ The existence of the space program is a/fec'l:_ ,edicine and its sup-

porting sciences in two general ways. The firstis the development of informa-

l tion and hardware by biomedical specialties concerned with life in space

which will further our understanding and control of life processes. The second

influence of the space program is the work of its physical scientists and

_" engineers who, in solving problems of instrumentation, materials, data pro-

I cessing, etc., are developing tools which can be borrowed by the life scientist.

We do not suggest that these "fallout" products of space activities can by

themselves 3ustify the expenditures of national resources which achievement

!
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of space goals der.and. Nor do we suggest that the current study has pro-

vided data to permit a valid economic "evaluation" of the space program in

terms of its contribution to human health. It can be argued that some or

many of the innovations which will oe described would have come intobeing

without the aid of the space program, this is an objection which cammt be

answered categorically. We can simply state that virtually allof the "cases"

we have selected for inclusions in this report meet the criterion of having

been caused by or slgnificantlyaccelerated by the space program.

Itshould be pointed out that most of the advances to be cited are of the

type that would not normally come to public attention. The public is

accustomed to gauging medical progress in terms of improvements in cure

or disease elimination. Itis in the nature of the space program that cura,ive

medicine has a relatively small role. The philosophy is to select as candi-

1 dates for space fl_ghtindividuals who are "abnormally" resistant to the health

threats of a hazardous occupatlon, and to design their task and their environ-

i ment in such a way as to prevent the occurrence of disability.Although know-

' ledge, instruments, and techniques developed in the space program may advance

curative medicine, such applications will be secondary to the reasons for

! which they were developed.

" Our analysis indicates that biologists, psychologists, and physcians engaged

in space industries, together with their collaborators in the physical sciences and
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englneering, are maklng significantcontributions to non-space lifesciences in the

following areas:

I. Study of the effects of the environment upon human health and performance

and developing means of protection.

2. Establishment of ways of describing and measuring "normal health".

I 3. Investigationof the origins of life, and basic physiological mechanisms.

I

. :_ 4. Development of improved tools for observing, recording and analyzh_g, _ physiological processes and factors influencingthem.

2. Study of the Effects of Environment upon Human Health and Performance
i-

and Developing Means ol Protection.
{_

Man must carry with him into space an environment which will enable him!-

i
to survive and to perform his mission. He must also be equippped with means

1- of protection against certain threats which are peculiar to space. Thus, in thel

marmed space program lifescientistshave had to re-examine the fundamental
question of man's relationship to his environment. Physical scientists and

[ engineers have had to develop new tools to make this study possible, as well as

designing the lifesupport and protection hardware which the physiologist% physi-
clans, and psychologists believe to be needed.

I It is impossible at thisthime to state with precision how much of the know-

I ledge being developed will ultimately be applied to terrestrial problems of a/r

and water pollution, care of hospital patients, tic. Among the several hundred

I specific problems being attached under the space program, the following appear

I to be particularly closely related to earth-bound problems:

[
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Imnovation Area i- AtomosphereContents, Pressure andTemperature.

Space vehicle crew members will breath "air" which has been stored Oh

board prior to flight,or - on longer flights - is continuously generated by equip-

ment in the vehicle. The breathable gas {or g_s mixture) must be continuously

monitored for quality. The prlnciple new demar,d which space flightimposes is

:;ustainedendurance and reliabilityof the gas supply and contaminant removal

system.

: The problem faced by space flightsurgeons and and lifesupport system

engineers is analagous to problems of the an_othesiologist. Beyond providing
7

improved gas supply and monitoring equipment, the space program may make

feas.b!e the control c.fatmosphere for everyhosFitalized patient. "The sugges-

tion h_s been made ....that every patient be anesthetized upen admission to the

_. hospital toldkept asleep, sittingih a wheel chair in a roon_ _hree feet wide, four

-] feet deep, and five feet high untilready for discharge. In such a room, which
I

would have no windows and only one door, atmos>heric control w_u]d be a for
-!

! simpler probelm than in a normal hospital r_n_. itmust be admitted, however,

] thattherehasbeen n°gencralacceptance°f suchuniversal anesthesia" Never-

theless, for patients needing atmospheric therapy, this compact private room may

_! be just the thing." (75)

-t The f )llowing are representative items of hardware originating in response
.!

to space program requirements which may make the atmosphere itself a general

i
' bio-dynamics, inc.

:1

1965007331-116



-I06-

therapeutic tool:

Item: The PL&PAC system being developed under a NASA-OART contract

by Lear-Seigler represents the most elaborate effortyet made to monitor a

man's environment and his physiological response to it, and relate parameters

of the two in a fairlyrigorous fashion. This system is undoubtedly the fore-

runner of truly integrated human patient monitoring systems in which the control

of the patient's physical environment would be based, in part, upon a continuous

,, assessment of his response t, _t.

i Item: The size, weight and reliabilityconstraints of space flighthave
)

-_ required intensive work on new trace-contaminant measurement hardware.

I I- (Reference 76 provides an excellent review of gas chomatographic, mass spectro-|

i
graphic and optical absorption equipment under development by manufacturers

supported by the space program). Equipment developed by Bendix, Beckman,

I and others u_iderthe space program is now commercially available for
research,m

anesthesiolo_, and industrial medicine.

I
Item. Trace amounts of "contaminants" in the space cabin environment may

) signif_.ant upon crew during their prolonged exposure to them.
have effects the

i Conversely depriving the crew of certain atmospheric constituents to which ea_th
has accustomed them may also adversely affect their health or performance.

1 Hence the research being carried out under NASA sponsorship to determine the(

effects of "excess" and "deprivation" of certain components of air supply. (76)
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No applicationof NASA supported research _n this area has been identified,

but anesthesiologists and persons concerned with industrialhygiene frequently

referred to this work as having relevance to care of patients, and prevention of

industrialhealth problems (77).

l+em: Life support system engineers working on space suitand cabin

atmosphere supply are concerned not only with the constituents of the environ-

ment, but also the air temperature and pressure Because zf the requirements

that the space vehicle crew be reasona _ly comfortable for long periods of time,

and that they be able to move freely, outside the vehicle, the state of the art

of pressure suit design has had to be considerably adv_ced. Compenents of

i currently available flight pressure suits have been used to provide external
J

blood pumping assistance to patients with cardiova_cu!--- defects. Development
!

' of extracorporeal circulatory assistance is certain to benefit from application of

techniques of pressure control now becoming available from the space ,rogram.

A second general application of pressare suit technology in medicine has been

proposed. The future hospital may provide equipment for patients who need

I (because of cardiovascular difficulties), which"pressure therapy" respiratory or

permits them to be mobile while receiving external pressure assistance (75).

Item: Efforts to determine the effects of the environments of space, and of

the ocean depths, have led to the development of a variety of types of pressure

cha_rnbers for simulation experiments. T1 e most noted clinical use of pressure !
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i chambers has been in "hyp-rbaric" oxygen therapy. Wyle Laborateries (El

!i Segundo, California), for example, _ supplier of environmental test equipmcnt

-i and services to the space program offers integrated chamber systems in which

(_! operations can be performed at pressures of several atmosphere_
Cost of

l

:_.'i i} the Wyle Laboratory chamber z,_r_tem has been greatly reduced through use of
|- 1

=_ r- = novel techniques also utilized in Wyle's aerospace program activities.
2

[3 Item= Important design and operating benefits would accrue to the manned

• ., space program if pure c--_ygen could be used as the space vehicle atmosphere,

=rather than using an atmosphere composed of several gases. The effects upon

humans of prolonged exposure to pure o_ygen were not well understood when the

space program began, so that thorough investigation of oxygen toxicity ires been

: _n undertaken under NASA and military sponsorship. At least one surgeon in the
" _Boston area has kept in touch with information from the military on oxygen

toxicity. _ Such major NASA projects as the Republic Aviation experiments, and

th _. Lovelace Foundation synopsis and analysis o" the state of the art of oxygen
effects studies are too recently reported to have been widely disseminated within

" J i the medical community. =

._In- -vation Area 2: Food Supply and Waste Handling

_=_. The dur_tion of space flights to date have been brief enough to permit

_'_ i)':_,::_"_:'__l_ _.d m0n//as will require that far more sophisticated approaches be made
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to provision of a truly closed ecological system. Before such a system becomes
J

i i a reality, however, there must be a more detailed understandLng of indi_idual
' ia

1 human nutrition, development of satisfactory novel types of food, and refine-

ment in techniques of removing, and processing (or storing) human waste.

i Item: Under NASA grant Drs. M. Winitz and W. L. Chart have developed a

highly concentrated synthetic diet consisting of 18 highly purified amino acids,

Jl salts, and other substances in amounts presumed to have nutritional value. The

il diet appears to have had no adverse side effects upon the subjects who have sub-

sisted on it for several months. Beyond being aware of the diet as a result of

il widespreadpublicityattendingitsexperimentaluseinaCaliforniaprison, food

_| technologists have not responded to the innovation yet. If its use is found to
;!

have no l',ng term ill effects, and if its cost can be reduced, the amino-acid

_J diet could have widespread use as a supplement to the regular nutrition of popu-

[_ lation in less developed parts of the world.

Item: As in the case of atmosphere supply, NASA, military, and contractor

scientists are concerned with trace constituents in food. The pre-planning oi

il mealsforlongperiodsrequires, ideally, thatthebody'stotalnutritionalneeds

will be forseen and provided for. Hence there are several groups under space

!-I
program sponsorship who are investigating the effects of trace anmunts of

'1i. materials upon health. We know of no clinical dietitians who are yet applying

NASA sponsored research findings in this area, although their interest in suchi-I
It
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benefits of the space program is reflected in their intere.;tin the low-residue

diet studies and experience of NASA.

Item: While effortsto develop novel food sources (from algae, etc.)have

attracted the attentionof botanists, biochemicals, ecologists, less spectacular

solutions to the probeln-,of food packaging and preparations have been proceeding

(78). Several major corporations, including American Machine and Fo,.mdry,
I-

l_ and Whirlpool have contracts in this area, and American Can Company has

i_ patented a food tube used in space flights(79).The economics of directly applying

space flightfood packaging preparation and preservatives techniques to the

civilian market are unlikely except for such special situations as feeding of

paralytics, and packaging of food supplies for sportsmen.

Item: Personal hygiene aboard space vehicles presents severe problems

because of the constraints of vehicle design and the conditions of weightlessness.

Removal of perspiration, urine, fecal and other waste products must be accom-

plished thoroughly m_d as conveniently as possible. Processing of this waste

material to permit its re-use in the nutritionalcycle is an ideal not yet realized

H in an operational sense. Equipment under development by Whirlpool and other

contractors appears to provide a solution to the problem as it will be presented

by Gemini and Apollo missions. The cost and inconvenience of human waste

U importance to hospitals and convalescent homes.
removal is of considerable

The technical feasibility of adopting space program technology to this problem is

U
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t almost certain, but the economic feasibility of producing equipment to replace

- this function of the nursing aids is yet to be demonstrated.
P

Item: Personnel of the Manned Spacecr_,dt Cenzer of NASA are giving con-

sideration to reducing the health hazard of stored or reprocessed human waste-1

-: and reducing the possibility of contaminating extraterrestrial environments of

discharged wastes by irradiating it before storage or discharge. Public health

-]
_! officers report that an increasing demand for their hygiene supervision services

] is being placed upon them by the growth in number of pubhc swimming pools.
I

A possible answer to the problem of poorly regulated ciorination characteristics

-i_. of a large proportien of swimming pools would be to use small, low energy

"t packaged bacteriocidal radioisotope units through which the water would be cir-
l

culated.
-1

,! Innovation Area 3: Effects of Motion, Acceleration and Weightlessness.

The advances provided by the space program in basic understanding of the
aJ

effects of exotic environments will be reviewed in a later section. The present

review will summarize the contributions by the space program in protection of

man from adverse effects of mction and imn-,obility.u

Item: Space flight poses two deterrants to the healthful effects of man's

':] normal activities. Confined to a space capsule, the crew have little opportunity

_J to move freely, and the lack of gravity tends to increase the need for exercise.

Physicians and physiologists of NASA, the military and their contractors have

ii bio-d  ios,
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a number of studies underway directed toward developing ways of providing a

way to avoid the potential de-conditioning effects of space flight. These include

external pressure cuffs whose periodic inflation tends to maintain tonus of the

cardiovascular system, and exercising devices and techniques to enable _'rew

members to maintain muscular fitness. There has been a considerable amount

of interchange between NASA, military and non-government physicians on the

subject of effects of disuse, for the conditions of the astronaut in a cramped,

weightless capsule is analagous to prolonged immobili'.y required in some kinds

of convalescence. While the most widespread by-product of NASA's research on

1-
I the effects and prevention of disuse pathology will b_ in improving care of

l= patients required to spend extensive periods or time immobile, the space capsule

environment which places low demands upon the cardiovascular system has been

l_: suggested as a possible benefit to patients with cardiac conditions requiring

1 I! "complete" rest (77).

Item: The shock, vibration and noise attendant to space flight have had to
I-

_: be coped with hy engineers by lightweight seating and restraint systems, pro-

viding both protection from forces and reasonable comfort. NASA's contribution

to this technology has been to facilitate and accelerate the evolution of perso_mel

protection systems which have been under development by aircraft engineers for

E many years. The seat belt design and configurations which are widely used m

automobiles today are byproducts of the simple restraint device development

bio-dynamics, inc.

U

1965007331-123



-I13 -

which accompanied the growth of alrlinetravel. While the design of auto-

mobiles has not fullyutilizedthe available technolog,'yof passengers protec-

tion, space program developments in energy absorbing materials and deslgns

may be used in future private _nd public conveyances, ifthe public's interest

in selfpreservation while traveling continues to grow.

Item: The experience of Russian cosmonaut Titov in orbitalflightincluded

I
I attacks of dizziness and nausea similar to the s_Tnptoms of seasickness. This

; development increased the concern of NASA and military groups about possible

threat to the ;.ealth and performance of astronauts. Under NASA fundings, the

-i_. Navy and other contractors have expanded research on the causes, mechanisms

"i and effects of motion sickness. The work of aeromedical specialists in vestibulari

physiology has been widely disseminat2d in the physiological and behavioral

ii science communities. The unique Slow Rotating Room of the U. S. Naval School

of Aviation Medicine is among the most frequently identifiedfa_-ilitiesof the

aerospace medicine program.

il Innovation Area 4: The Radiation Environment

_ Item: In section III the contributions of the space program toward under-

standing the mechanisms of space radiation effects were summarized. The most

_ dramatic application of this recent advance in understanding of the effects of

l radiation has been in heavy particle radiation therapy.

Item: Other developments in radiation science and technology fostered

!
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by the space program include design and development of lightweight shielding

materials, improvements in shielding calculations, and research in anti-radia-

zion drugs. No direct transfer has been identifiedatthe present time, because

many of the constraints of weig_itand volume which are of concern to space

engineers do not exist in the non-space clinicalenvironment, but ifbreakthroughs

affectingthe cost of production of radiation shielding were to be achieved, for

example, or ifanti-radiation drugs were perfected, clinicelradiolog%,could be

greatly assisted.

Innovation Area 5: Effects of the Sensory and Social Environments

I Item: Development of highly integrated simulation facilitiesunder space

- prograrl sponsorship has provided experimental tools and methodologies for

studying the "subjective" effects of confinement and other sensory and social

i-
• stresses. Representative of the meaning of this work to the behavioral science

I-; community are contributions to the sensory deprivation literature and development
1

of methods of measuring effectiveness of small groups. Persons engaged in

:_ geriatrics and in rehabilitation of the blind are particularly interested in the
t,

4 _ space program's work in sensory environment simulation, for they are concerned

- with assisting their patients to maintain contact with "reality" and maximize

_' useful interaction with the environment.

Other applications to industrial and other branches of applied psychologyt

include maintenance of alertness in boring (but vital) system n,enitoring tasks,

_* bio-dynamics_ inc.
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and selecting _d training small groups of workers.

_. Development of Ways of Dcscribing and Measuring "Normal Health"

Innovation Area 6: Development of Procedures for Gathering and Processing

Data Concerning Ability of a Man to Carry Out a Job.

Item: The manned space flightprogram has generated the rcquirement for

screening and selecting individuals who will be able to endure the demands of

space flight. The intensive screening procedure used in selection of the original

seven astronauts has been demonstrated to have been satisfactory. In addition

to the very thoroughness of the screening examination, innovations have been
!

I made in the area of data recording and analysis (80). The procedures (and

I hardware) uscd in observing the parameters of health of subjects have applica-

tion in public heelth. While the data needs of public health and space medicine

I differin important respects (publichealth needing, typically, relatively small

-I amounts of data from large numbers of subjec)_s, and space medicine demanding
_$

large amounts of data from small numbers of subjects), the integrated approach

] of stimulus - response recording and data analysis has relevance to developnlent

i_ of similar system concepts for public health.
|L

Innovation Area 7: Generation of large amounts of data on healthy persons,

stressed and _nstressed, acute and longitudinal.

Item: Dr. Charles Berry of the Manned Spacecraft Center is quoted as

describ-ng the wide range of "normal" responses which have been recorded under

bio -d_}narnics, inc.
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stresses of space flight,both during flightsimulation on earth and during

actual flight. T_e wide range of physiological data recorded during the pro-

gram, especially heart rate, have modified the understanding of "normal" (79).

The recent symposium on stress, attended by many of the world's leading

physiologists (81),and papers presented by aeromedical specialists at the

Winter 1964 meeting of the American College of Cardiology on the cardiovas-

cular effects of environmental stress (79) are signs of a growing interest in

r research, industrial medicine and general practice in the response of the body
i

to stress. It can be expected that the data, procedures and equipment (especially
i

! telemetry) from space medicine will importantly affect medicine. A coptribution

[i of viewpoint as well as technique has been expressed by Dr. W. R. Lovelace,

"In contrast to clinicaJ medicine, where the stressing agent is disease, in

i aerospace medicine the stressing agent on the normal subject is the environ-

: [ii ment." (82)

A still elusive, but sought-after goal of space medicine is the reduct:on of

I
L parameters monitored to one or %wo whose values can be used _.s indices of

overall present and probable future healtn. Beyond thi:_ goal lies the objective

of understanding the relation between physiological values and mental performance

c_,pability. Lt. Col. David G. Simons, a well know Air Force flight surgeon -nd

scientist, concluded a description of the information Project Man_high* provided

*Project Manhigh was a series of extremely high al'itude balloon flights.
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on man's response to the stress of space flightby stating, "The Manhigh
!

I
: progra_nnwas born of the challenge beyond: Space. I believe the lessons
J
i learned in that program define a new challenge: the challenge within, this is!
i

the challenge of relating the performance of the mind with the function of the

body. This can only be done through a rigorous step-by-step neurophysiological

understanding of how the mind works. Modern brain research and electronic
J

, advances open new paths into this frontier. Advances here are essential for

i space medicine and promise great benefit to all medical " " (83)
science .

4. Investigation of the Origins of Life and Basic Phy ;iological Mechanisms.

J The basic research of NASA in the lifesciences has two objectives. The

} firstis to provide the information needed by the operational medical personnel
I

of NASA (those responsible for the heelth of the crew), the engineers who must
i

J design the system to sustain the astronaut's life, and by the engineers responsible

ii for maximizing the efficiency of the man-machine system which will explore anti

ooerate in space. In addition to this "mission-oriented" research NASA has

_,I been given a responsibilityto advance understandiT g of lifeprocesses. Clearly

i_ these are not two entirely separate objectives. For example, experiments
I

directed toward de ermining how well a man can use vision to _ide the rendezvous

] operation alsc reveals previously unmeasured qualities of human depth-percep-

tion mechanism.
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NASA and military managers of the space program have greatly accelerated

research in ecology. While adventurers at sea, in the Arctic, etc. have always

had to synthesize an environment upon which to subsist, typically nature provided

the greater part of what was needed, a.-_dman had only to make relatively minor

adjustments to it in order to survive. Travel in space presents a challenge to

man's ingenuity far differentin scale to any ecological problem-solving done

before. Hence the tremendous need for information about the requ.rements for

{ life support.

ii-

11 Save for specific solutions to problems of nutrition, atmosphere supply,

etc. suggested earlier, the main impact of the space program in ecology will

be its stimulation of interest in this fundamental science, and rudder its s )onsor-

ship the development of methodology (e.g. mathematical simulation of ecological

_, systems) and research results (84).

Innovation Area 9: Exobiology

Manfred Elmer of Jet Propulsion Laboratory identifies four questions whose

i answers may only be obtained throug', study of biology beyond the earth:

1. Are there fundamental general laws of biology in addition to that of

I evolution ?

2. %;%._t was the principal source of pre-biotic nutrients?

I 3. What were the first self-replicating polymers?

I 4. Are nucleic acids a general solution to the genetic problem? (85)
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Thus the study of biology beyond the constraants which our earth has placed

upon the omgination and development ot hfe may reveal not only t?._"existence

of extraterrestrial life,but may shed unique ligbton how lifebegan on earth (84).

Terrestrial laboratory experiments supported by NASA as background for space

experiments are already yielding significantcontributions to biology. Representa-

tive of uhese was the synthesis in 1963 of adenosine triphosphate (ATP) by Sagan

' and Ponnamperuma under Ames Research Center ,_ponsorship.

"i As early as 1960 the lifescience community was asked by NASA to recommend
_| • --

the format of the exobiolog3,program. In June of that year some 35 participants

representing biology departments of 14 leading universities and major govern- -4

-_" ment lifescience laboratories met to discuss the meaning of the challenge and { 1

opportunity presented by the space program, and to draw up guide lines for extra- "}

terrestrial biological investigations(86);this input from the ncn-space research _ _

community has continued. Thus it can be expe.-ted that the results of space i:i

biology experiments will be rapidly incorporated into the existing body of biological

knowledge.

Innovatioh Area 10: Physiological Psychological
Basic and Research

Activities of the space program in basic biological and behavioral research

n
are too diverse in nature, scMe and "importance" to be readily summarized. The f
following items, therefore, are presented sz:nply as representative ¢,f NASA's _----

contributors to understanding of fundamental mechanisms.

il
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Item: The influence of gravity upon livingsystems is the one factor which

cannot be thoroughly isolated upon earth. Indicative of our igno_ anoe of the role

of gravity in human phsisiologyand psychology were the predictions of capables

' physiologists in the early 1950's that man-simply could not adopt to weightless-IL '
!

, :-, ' :ness. 3pacetravel for periods of nearly a week has now been demonstrated to

I ' ' be feasible, but we _till lack the theoretidal basis needed to:predict whether man
" { _: .,, 3 z z

t
. t

• _- can tolerate many weeks of living without gravity. The adaptive responses of

_ : -- physiological s_bsystems to zero-gravity may reveal much about the basic influ-

ence of gravity which in time may Contribute to better care of the physiological

2

subsystems when disease attacks.

• [! Item: In the early days of the spac e program is was suggested that space

crews might benefit from being induced into a state of hibernation in order to

I' reduce their nutritionalrequirements and improve their resistance to space

. radiation. This extreme operational measure is rarely suggested today, but

' research on the effects of low temperature on living systems has been greatly

stimulated by space program support. Advances in "cryobiology" have been

assisted by the refinement of cryogenic experimental system originally developed

for missile systems. Garrett Corporation for examp}e, has announced under-

taking application of its cryogenics capability to problems of cryobiology involved

in food preservatives, neurological and intestinal surgery, and transplant (79).
organ

Item: The fact that living organisms exhibit regular daily cycles of

!!

I1
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physiolog__cal change has been known for many years, and its operational

1 implications have been=examined in connection with submarine an_d Other
.J

m_:_tary operations. .As is the case in so many ether instances, however,

diurnal variations maybe of much greater importance:to space travelers. The

_ _ research being supported by NASA-'a_d the Air Force on _he effects of changes _,=--

in length of "day" has already had an effect upon the medical advice given to !
Z

airline passengers making jet-speed long distance flights, and may in time con-

tribute to industrial medicine's future problems of advising how best to distribute

the few working hours per day.

Item: Implicit in much of the foregoing discussion is the significance of the

satellite as an experimental facility. Under its bioscience programs NASA and

the Air Force have offered _qualified investigators the opportunity of having

experin-,_nts of their own design flown in missile nose-cones and in satellites.

The Air Force, for example, has sponsored space flights of numerous biological

materials to determine effects of cosmic radiation, and (by using internally

instrumented animals) has provided data on subtle effects of the space envirol- _ .

i ment upon cardiovascular and pulmonary systems. NASA's biosatellite program _ -'7

will include a variety of experiments in botany, cardiovascular physiology, neuro- t ;

physiology and behavioral sciences. The screening of nearly 200 experiments _ _ .

proposed by non-government life scientists to select about 40 will be done by a _ _

} ".

i{ _ special group of NASA's science advisory committee representing the spectrum !! -_
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I of interests in the life science community (79).

_, In addition to providing a limited number of biological and behavioral
scientists with the opportunity to conduct experiments in spac e laboratories,

the space program is providing funds for the establishment of elaboi'ate labora-

• _ tory facilittes at government installations, contractor plants and in universities.
While the immediate demancks of _,e space program for physical science and

" _ engineering data exceeds available time on centrifuges, in environmental test

chambers, etc. it is reasonable to expect r.hat later in this decade more and more
u_e w!U be made of these facilities by bio-scientists for experimental work

unrelated to the space program. (In fact, as will be noted in concluding sections

!! of this report, the inventory of experimental equipment and facilities being
accumulated under the space program may be one of the most significant contribu-

i' tions to the life sciences to have been made by NASA).
1

t _. 5. Development of Materials, Components, Systems and Methods Applicable to
Medical Needs.

It is natural that the many observers who have enumerated the expected by-

I product benefits of the space program have typically identified advances in medical

hardwaa'e as a key example. Those who have sought to add up the specific

i instances in which space-derived products are being used in medicirLe today have

generally produced a dismal picture of impact. Br':efly, we believe the reasons

to be the following:

;
t
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I. NASA's greatest direct contribution to meaicine will not be through

providing new hardware, but through stimulating the development of

_-_ medicine itself- in the areas such as those which have been discussed

:! " above.

-] 2.- The hardware de{}elopment which has occurred has contributed to
_ engineering in medicine, which is stillan infinitesimallysmall part of

• medical research and practice. The llf=sciences have traditionallybeen

"i poor customers for products based upon advances in the physical science=
• i and engineering.

•r] 3. The emphasis h_ innovation acceptance in m_ dicine is upon innovation -{.
! in treating patients. Most of the hardware developed under the space

progrmn however, is useful for observing individuals, not treating them.

I
I While we do not have figures to justify the assertion, it is our belief that

i NII-I is spending corLsiderably more for development of medicine-related equip-

ment than are NASA and the military space programs, with one important excep-

I tion: development of life support hardware (environmental control systems,

] pressure suits, etc.).!

Thus in the advance of science and technology in materials, components, ,_

i} -systems and methods, for use in medical research and practice, NASA's contribu-
?

tion of specific items is not likely to be as significant as the contribution of its -_

activities in the physical sciences and engineering are in advancing the state of

arts from which engineers in the industries serving medicine directly can draw. _,

The following items represent both kinds of effects; some of the instances of

transfer cited below represent hardware designed for space program use which is

now in use in medicine, others represen_the larger class of transfer in which

bio-dsmaxnic s_ inc.
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_ °technical act,_vity has produced something wt-dch has been

', modified by a bio-engineer arid incorporated into research or clinical equip-

rnent. The items are grouped under the innovation area headings of:

i Physiological sensors __-
i i Environmental sensors
, !

I l Signal conditioning, Transmission and Receiving, Display and Data Analysis
_i I Therapy

I General

Ii_! Item: "An electromagnetic flow meter originally developed for the missile

industry is being used at UCLA to diagnose erratic heart action that otherwise

may be difficult to detect" (79).

_ Item: In addition to sensing the dynamics of physiology during flight, it
_. would be highly desirable on longer flights to collect and analyze biological

_ specimens - blood, expired air, urine, etc. An exam_ ple of developments in this

area is the Bio-Telescanner developed at the USAF School of Aerospace Medicine

[_ (90). The device incorporates a photocell - scanner mechanism which detects

precipitation resulting from antigen-antibody reaction in specimen fluids, and
rl

_ reports the density of the reaction. Automatic analysis devices of this type can

have wide application in public health.

Item: Representative of the advance of medical instrumcntatlon made possible

: by use of components developed or refined in the space program -s the ballisto

I] cardiograph (termed the "B_llisticor") now offered by Cordis Corporation (Miami).

The problem of isolating the patient from external vibration while the accelerative

E bio-d_namics, inc.
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forces of his heart are being measured was solved by incorporating a gas bear-

I ing originally used in the missile program. The inventor (W. E. Rothe,
I

Huntsville, Alabama) also included strain gage accelerometers in his design.
!

! Lmevation Area Ii: Physiological Sensors

The space program a:idthe military _viation program upon which itis

based considers the health and safety of the system operator as a dominant .:_

design and operational criteria. Implicit in this philosophy is the desire to

i| continuously assess the well being of the remcte crew by obser_'ing his physio-/
.J

logical responses to the chalIenges of his task and the environment. The con-

il dition of space flight requires that sensing of physiological values be performed

t for long periods of time, reliably, with minimum interference to the crew and8

minimum effect upon system weight and volume.

i
Item: Since the condition of the cardiovascular system is of vital significance

t to health, and since its condit'r,n can be fairly well assessed by observing the

patterns of electrzcal activity (the EKG) which accompanies heart actions, con-

siderable attention has been given to design of electrodes for recording these

patterns. Electrodes developed under sponsorship of the Air Force a.na 2_ASA 1

represent great advances, and are probably tI.e best known medical equipment _

I !
i development of the space medicine program. (87, 88. 89)

Item: Under space program sponscrsh,;p, Geddes of Baylor University

demonstrated +.he feasibility of monitoring respiration by observing

• _ t "_'

t
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this method into the manned space prograr_ displaced other respiration monitor-

ing methods which had been considerably advanced by the aviatic, n and space

medicine program: detecting breath and flow by a thermister, or by an electric

chest band upon which a strain gage is mounted. The pulmonary physiologist

can now obtain commercial hardware to monitor breathing by any of their

l i methods.

[i Item: Bloodpressurehaslongbeenacceptedas akeypararaeterofhea!th,

and because of the expected chan_es in cardiovascular dynamics produced by

D
weightlessness, monitoring of blood pressure has been the subject of a consider-

able amount of effort. In 1961 Webb Associatesspace medical-engineering

surveyed the state of the art in blood pressur ' _ensing systems for NASA and
identified four approaches which agpeared promising for Mercury program

application, wi+h six others identified as probably unfruitful for space use (79).

- In-flight blood pressure monitoring equipment developed at the U. S. Air Force

[! School of Aerospace Medicine (Roman and Ware) was found by our project staff

to have been considered by personnel of a large city health department, a medical

I] school, and a potential manufacturer to have great promise for non-space clinical

examinations.

! Item: Under space program stimulus engineers and physiologists are not

i! only exploring new ways of measuring "standard" parameters (like blood pressure)

H
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but are investigatingother variables which have been ignored by clinical

medicine. The cardiovascular system whose operation produces electrical

signals, vibrations, pressures and other energies is rich with potentialfor "

measurement. One that appears to have particular promise is the measurement

of acoustic properties of flowing blood. Pulse wave velocity (PWV) determin- 1
!

ations may become a routine clinicaltest.

Innovation Area !2: Environmental Sensors

Earlier in the discussion of the lifesupport problem faced in the space

program, the need for accurate analysis and control of the environment was

cited. Environment control is based upon sensing of the present concentration of

1 atmosphere constituents, their pressure and other characteristics. Environ-

mental sensing is also of importance in a number of non-space situations such
!
Y

J as industrial hygiene and anesthesiology.
?

1 Item: Beckman Instruments, Inc. deve.oped and marketed a polarographic
/

oxygen analyzer with company funds. While the basic equipment was company

sponsored, application of the device for use in the Mercury program required

'1 that it be made smaller, with lower power consumption and faster response.
|I I

Present-generation equipment, incorporating these space-stimulated improve-

ments is being used in a variety of medical and industrial oxygen analysis

applications.

Item: Another oxygen analysis instrument using the principle of polarorraphy

bio-d/znamics_ inc.
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was developed by J. R. N_evillewhile on the staffof the Air Force School of

Aviation Medicine. Used at the School in monitoring the capsule environment

in the "Little Joe" biopack flights, as an hypoxia warning device in aircraft

and in studies of metabolism, the device is now licensed for commercial sale.

/} Item: Bendix Corporation markets a portable time-of-flight mass spectromete_

developed for use at the Air Force Aeromedical Research Laboratory for research
and process control problems involving gas analysis.!

1 1} Innovation Area 13: Signal Conditioning, Transmission, Display and Data Analysis

i [i Item: Development of miniature physiological data telemetry equipment is
probably the best known contribution of the aerospace program to medicine. Still

l_ there are relatively few systems in use at the present time - no more than 500as well as we can estimate. Though there are at least ten firms which advertise

_ such equipment, routine "radio-cardiographs" are not yet accepted as standardk clinical practice.

Item: Visualization of internal physiological phenomena has advaned markedly
i_/

with the development of "Thermography" - display of the heat emmission patterns

of the body. Sales 1._terature of the Barner Engineering Company states that,

I1 "In medicine, the (infra-red) camera is now showing possibility as a new, non-L_

contact, non-destructive tool for the diagnostician, pathologist and internist.

_ i By detecting 'hot spots' in the human body, the camera can suggest the presence

{ { of mallg'aancies and other pathological conditions" (91).

]
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The technology needed to provide medical infra-red visualization equipment was _ ,

developed largely as a result of such space program requirements as radios:: " :_._._

meters for satellites, horizon sensgrs and _ variety of military needszfor=defec_/__._i._.. _

il - tionsystemsbaseduponthermals_,sing(9_., ,", " " " _ _-__/-_f$_4
- .: . ... . =._> _ "- . .-._,_,.__

Item: Sever_ aerospace program cQntrac.ors* ha--e addressed the;problem_-._q-_'" _":_ _

display m a_rport traffic control to VC _ display, and Lmg-T:, ncc-Vough_ has "= :_

applied a 3-D display concept developed for display of vehicle posi:ion to the . ,!_

problem of VCG presentation.

Item: McDonnell advertises a signal correlator developed for use in aero-" !

dynamics experiments _.s an instrument capable of (i_'expensively) assisting

physiologists in observing, in real time, the statistical correlation between i
!

variables being monitored.

Innovation Area 14: Therapy i ",] Item: The dramatic affectiveness of "cryosurgery" in treatment of ne,,ro-

[] logical disorders and in ulcer therapy has been made possible by the low-tempera- _"

ture _echnology advar:ces acLieved under missile and space program sponsorship.

One of the leading -upphers of e:luipment for cryosurgery, Lmde, is also ._-

1 contractor for infra-red senso_ cooling equipment and other devices for precise _

low-temperature control of small elements. '_.'i

' bio-d_rn_nics_ inc......._:.
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Item: While the idea of "automatic" syringe injectionof drugs did not

originate with the space pr<Jgram, the devices developed under NASA sponsor-

ship represent innovations in ruggedness and reliabilityof operation. Their

use in hospitals is not forseen, but they appear to have applications in the

medical program of Civil Defense and Publi __ Health in remote areas.

Item: Use of a Gulton accelerometer in sensing a Parkinson Disease patie:.t's

tremor has been demonstrated to be a v-,_/uableaid to the neurosurgeon. By

I I_ observing changes in pattern of tremor during the brain-lesion operations, the

ii surgeon can more readily select the site of the lesion to be made, and monitor

ii the effectof the lesion (93).

Item: The Missile and Space Division of General Electric is one of several

"_ NASA and military contractors investigating the feasibility of drawing electric
] power from the metabolic activity of living organisms. In 1963 a physical bioloary

._i scientist of G.E. sponsored by NASA derived approximately 150 microwatts of

electrical power from the body of a ]{ve rat, and used it to energize a tr ansmitt.er.

W_ile the immediate applicationof body-powered traazmitters will be in phy_io-

ii [_ logicalresearch, continued development of "bio-batteries" may make itpossible

i
to power implanted prosthetic devices (pacemakers, artificia/muscles, etc,)

with the human body's own electrical energ,¢..

} Innovation Area 15: General Effects of 3pace Progrm_n Technology

The foregoing sections have _ummarized some of the instances in which the

bio -d.ynarnics,inc.
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_-- existence of the space program has affected research and practice in the fields

-i of medicine. We expect thnt a similar survey made in successive future years

would reveal an exponen:ial increase in the number of cases which could be

!
: described. However, the citation of specific cases of fairly direct transfer of

scientific and tec.hnological iTmovations from the space program into m ._dich_.e

does not adequately describe the impact of the space program: Lhere are more

general and diffuse ways in which # e existence of the space exis+ence of the

space effL,_ _xpresses itself.

Ite-'..: The term "sy-stems approach" has been used so often in the missile
1

J and space pr_g'v_ that it has become almost meaningless. Yet the concept it

-]

I describes is fundamentally novel in the life SCl_cez. Aeromedicine pioneere5

in application of systems engineering to soluticn of medical problems - defL_Ang

I
requirements for life support- equipment, and ecaluating and approving 4esigns

] in close liasion wi+h engineers. Three examples of latter day systems approachq

to clinical problems will illustrate this area of technology, transfer: Dentistry

has been characterized by a greater _iilingness to adopt advar.ces in technology
J

than most ether fieldsof medicine; in part this is because the problems of

diagnosis and healing faced by the dentist fairly clearly die:ate the forms of _

task, and the direction of their improvemem. However system engineering is
=I

seldom seen zn den+_alequipment design. ._ recently developed modularized
I

, concept of dental equipment design for clinical use may represent an important ._

i i
!

I
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!
contribution to dental medici, e. Dr. W. E. Burton uec__ rzi,c_ the system to

• I the Amer=can Dental Association's October 1963 meeting; Lockheed Aircraft

was reported ;.,_.be one of the firms interested in "nenufacturing it (94). Claiming

[
., that much of the equipment used fi- dental practice is irg, erently ces_stant to

thoz_ough sterilizatiop, he proposes an integl-ated system of tools, lighting,

seating, etc. whose components can be reasily disassembled and sterilized.
For severa" years Dr. Hugh McGui,'e of Montgomery, Alabama has beeu

_ actively engaged in the promotion of a system-engi_ee:ed hospital _ oncept. In

his "Automedic" hospital there is great attention given to optimum a_location of[
tasks to men and machines, with equips, ent and operating procedures d_si_:od

to relieve professional personnel of routine, sub-professional tasks.

The disappointment expressed by many hospital administrators in the failure
of first-generation physiological monitoring systems to fulfill their expectations

was evidence ot poor systems engineering. Much of the "integrated" physiological

morAtoring equipment installedthree to five years ago was un"ealisticMiy

sophisticated; not enough a_ention was given to training, maintenance, and Lute-

g-ration of the equipment with the existing hardware and procedures.

I A physiological monitoring system now in use in a New Jersey hospital

represents this evolution of design from space applicationto research-center

use to general clinical operation. For several years Gulton !aadustries has

supplied to NASA and the military compone_ts and systems for physiological data

[
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T
-_ gathering. Working with research physlci_ns and engincers at th_ National

! Institutesof Healgh the firm _iso developed and installedan inteooTatedphysio-

logical data acquisition system for monitoring patienls under intensive care.

Subsequently Gulton, and its marketing partner, Executone, Inc. contracted

to install a s-milar system in a New Jersey hospital. "Vhile the data sensing

and recording requirements of the application were, relativeiy simple compared

with aerospace and resea_ ch medicine installations, the firm had to meet three

severe criteria: simplicity of operation, reliability and patient corm_ort. The

wired system senses and recoras pa+ients' systolic and diastolic blood pressure,

pulse rate, and respiration rate; it can be expanded to include other par-meters.

The collaboration of Executone, Inc. and Gulton Lndustries in designing and

marketing hospital monitoring systems highlights the recessity of integrating

advanced engineering with a substantial sales and service resource in order to

effect the transfer of space technology into clinical medicine.

Item: The space program is providing a s_imulus for development of a

strong biotechnology industry capable of addressing medical needs such as those

to be d_scussed in the next sec_inn. Prior to the advent of the manned space

progr.am, medical engineering capabilities were possessed by few industriM
,I

concerns. Today most of the larger space program contractors have departments

of bio-enginea_ing, headed in many cases by lifescientistshaving engi2_ecring

experience.

il '!
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In the early days of the space program so,he leaders in the life sciences

expressed concern that the funding to be made available for space medicine and

related research would divert talent away from badly needcd non-sp_ce medical

research and engineering. This has not been the case: in fact a criticism that

not enough of the nation's top ii;e science talent has been attracted to space

problems is now occasionally voiced.

D. Needs of Medicine for Technological Innovat_nn

r-

I! The proceedLng sections of this discussion of the impact of the space program

upon biomedicine have suggested the ways in which research aridcli,icalmedicine

I=
_ of the future may reflect the acti_,itiesof NASA. New biological knowledge will

! flow from space projects, new a_itudes of "systems approach" will be seen,

and integrated medical-engineering team effortswill be more common. A medica/
[-

I [_ hardware industry will develop which will be populated by many smaller firms,

: and, perhaps, some airframe manufacturers who were camtanz..d b_ space

medicine contracts. Beyond these effects of the space program, the quality
[:

[} of engineering semdce to medical research and practice will improve as a result

of the aval]abzLityof technology which has been developed under the space program.

Sophisticated design solutions to medical problems of long standing are bound to

result from the application of space-derived materials, components, subsystem

design, and engineering practices.

The following problems are illustrative of the needs of medicine for use of

r
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state-of-the-art technology and ingenuity which has characterized engineer-

ing efforts of the space and missile programs. Those lifescientists who con-

tributed to the building of this listare of the opinion that none of these problems
"I

<I
needs a life-science breakthrough; their solution will be the product of sufficient

! engineering attention and fund_. This "shopping list"is arranged under theI

he adh_gs of:

I. Sensing physiological phenomena

2. Visualization of physiological system components and operation

3. Sampling and analysis of biological specLn_.ens

4. Aids to rec3g-nitionof physiological states and patterns
5. Tools for research and clinicaltreatment

6. Replacement parts.
..

] I. Sensing l:'nysiolo_icalPhenomena

Data acquisitionfor biology has much in common with that of other sciences

but in general the differences between the physical and lifesciences prohibit

direct transfer of techniques from one to the other. As in other fields, data

acqlusitionin b!olog3"consists of transduction of energy impaled oy the phenomenon

under study, conditioning of the transduced signal and recording of its character-

istics. In none of these three areas has there been sufficientspecial design for

the biologist;in nearly all cases, methods have been borrowed from the physical

sciences. Although this borrowing has not bee,_indiscriminate there have never-

theless been two unfortunate effects of it. One, the transducers rarely fitall

the needs of the _nvestigator and two, the course of research allto frequently

is dictated by the types of conditioning and recording equipment _vailable.

i
J.s
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The types of specifications applied to transducers used in medicine are much

the same _s those to which engineers have become accustomed. They include

! frequency response, linearity, stability and freedom from inherent distortion.

In addition there is the essential requirement that the transducer shall not unduly

; interfere with the process or organisms being studied. While this requirement

: is implicitly present in all Lnstrumentation, it becomes particularly troublesome

; f when the entire system under investigation is measured in microns, or is an
';

I
. ! ailing person.

!I .

! Although transducer selection in biology is done mainly on the basis of

i__ I: physical specifications, attention mus_ also be paid to other factors which rarely,

.it Iii ifever, enter the engineering world. If used on conscious subjects, atransducer

i must be comfortable; if used in surgery, it must be sterilizable; most transducers

' must be free of a/lergenic materials. As if these qualitative criteria were not

., _ enough, some transducers must have their response deliberately restricted so
I'

as to measure not the actual response of the subject, but rather the re,pot.so as

E it has been observed, so that the data can be compared with historical no:.'_,_.

Item: Indirect Blood Pressure

When a patient'sblood pressure is taktn, two kinds ^" inferences are

possible. The first has to do with the possible causes of ab,_ormal pressure and

the second concerns its potential consequences. The first is thus diagnostic and

the second prognostic. The use of blood pressure data has therefore become

i
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deeply embedded in clinicalroutine. Methods that allow the blcod itselfto

contact a transducer are called direct blood pressure measuren_.ents. In

conjunction with major sugery such measurements are made, but for post-

operative and general clinicalcare indirect means are preferred.

Most indirect measures of blood pressure involve the occlusion of an

artery, usually by a flexiblepneumatic cuff. As the cuffpressure varies from

zero to above the maximum, changes in the sound (auscultation method), color

(flush-throb method) or volume (plethysmographic method) of Lhe limb or digit

are noted and can be related to the minimum and maximum pressures associated

with each beat of the heart.

The ma_n disadvantage of these scLemes is that such n_easurements can be

made only on an intermittent basis, lestthe flow of blood to the tissue distal

to the cuff be cut offtoo long. Not only does this prohibit contmucus _non:toring

but itirmpliesa sequence of operations which is long and during w>ich several

measurements must be made. Automatic equipment based upon these types

of indirect measurements is complex, and manual techniques require considerable

skillfor reliable readings. No automatic device has reached general acceptability.

Methods of making indirect pressure measurements without arterial occlusion

have been devised and m_st be improved. They depend upon one of the following

physiologic parameters which are known to vary with blood pressure.

P"" i
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"" r -velocity of the pressure pulse
• -velocityof sound in the blood

-blood flow volume per unit . ime
] -distension of the artery ana the overlying skin

I Eeeh of these methods has its cnaracteristic faults. To improve patient

t

1
| monitoring, to conserve the time of doctors and nurses, and to detect emotional

reactions, and improved means of blood pressure measuremen'_ is much needed.

- Item: Blood Flow
Closely related to the need for accurate blood pressure is the desirability

_i ofmeasuringlocalbloodflow. Suchkno.vledgenotonlyrevea_lsanomaliesin

i _he vascular system but also tells much about the body's ability to respond to
stress. Existing blood flow meters function on the basis of manometric measure-

ments, radio-tracers, dye dilution, Farady effect, Doppler effect, nuclear

i magnetic resonance, and the in._ertion of rotary devices into _he blood stream
through suitable connecting tubes. All of these methods suffer from one or both

of the following defects.

a) they interfere with the flow.

_ b) they require intimate contact with, or ir.sertion into, the vascular system.

Ideally, one would like to measure the blood flow in a specific unexposed

blood vessel (e. g., the brachial artery, the common carotid artery, the pulmonary

artery and pulmonary vein, the renal artery) _md in an intact limb.

!
!
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Item: Free BLood Volu_.e

In the diagnosis of certain circulatory Oiseases and especially in the

determination of the degree of shock, it is highly desirable to know the amount

of blood which is free to circulate, i.e. not pooled in the liver or spleen or

other major organs. The chief present technique ha,7 ',_c ._. used by a few years;

it consists of the injection of a radioisotope, usually gold or chromium, and

th_ measurement of its dispersion in a blood sample taken a few minutes later.

A better method would be one in which the injectate would be selectively bo_mo

to specific blood constituents and in which measurements could be taken continu-

t
' ously or at least every few minutes.J

! Item: Surface Electrodes

The measurement of bio-electric potentials is widely used in medicine and

1 psychophysiology in both clinical and z esearch situations. Electrical noise

!1 associated with such measurement systems frequently occurs as an elect:-ode
/

artifact.

.:tern: Glaucoma Detection

Intraocular pressure must be sensed without injury to the eye, and safely

and rapidly enough tc permit large scale screening of the population. | -

Item: Cerebrospinal Fluid Pressure
,

In neurosurgical and laboratory procedures, a method is needed for continu-

ously recording the spinal fluid pressure.

inc. i_
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Item: Improved Pulmonary Function Tests

Rapid detection of breathing work and breath patterns changes will be needed

to meet the accelerating pace of research into the effectsof chronic and acute

exposure to atmospheric cont&'-ninants, by both heai_ly persons and by persons

with cardiovascular or respiratory impairment.

2. Visualization of Physiological System Components and Th.!r Operations

i- Item: Methods of Visualizing Soft-Tissue Organs

lFltrasonic systems have recently been made commercially available (and

used, for example, in examination of the brain - "echo encepholography") but

improvements are needed to facilitateviewing the lymphatic (to detect
system

metastases), the liver, pancreas, and spleen. Ingestion of radio-opaque fluids

by the patient in order to make soft tissue o,guns vis.blevia x-radiation does not

appear a satisfactory long-range answer problem vi-wing soft
to be the of

tissue organs.

Item: Direct Viewing of Organs

Recent developments in fiber optic_ and ultra-miniaturized T',' ¢ 'mera tubes

point the way to direct viewing of t,,e internal structure and oper:_ton of organs.
Further mini_turization, qolution of the problem of tissue dar._g,-, and, finally,

H precise and reliable control of the sensing device must be acLieved before this

potentially valuable toot o.' diagnosis can become practical, Development of
external control of viewir'.g devices should also enable the diagnostician to sample

!
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temper__ure, pressures and other physiochemical properties of internal

organs in-situ.

Item: Rapid Fluroscopic Screening

Improvements in radiographic equipment during the last decade, and

refinement of image intensifiers have greatly facilitated fluroscopic screening,

and reduced _,.e radiation exposure of the patier*,. Yurther advances in display

_ technology will permit rapid examination in mass (Public Health) screening. -'

3. Sampling and Analysis of Biological Specin_ens

Item: Ionic Analysis

The semi-permeable membranes of the body function largely to preseroe

the tonicity of the body fluids. In disease, the fluid balance is a subtle indicator

of condition. Quick and convenient means of quantitative and qualitative d_tection

of inorganic ions in the body fluid would be of inestimable value. The principle

monovalent ions are hydrogen, sodium, chloride and bicarbonate; the main

multivalent ones are magnesium, calcium and phosphate. Present techniques ]

I involve either delicate glass electrodes, flame photometry or awkward and tedious 4

separation techniques.

1
Item: Analysis of Protein _-,d Other Nitrogen Compounds

Particularly in the measurement of kidney function one needs to know the

concentrations of urea, ammonia, and other nitrogen compounds in both tissues

and fluids. With present techniques, analyses are very slow and often unspecHie0

bio-d/znarnics_inc.
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/ [ Rapid and precise measurements are needed for these determinations as well

as for the 'dentification of enzymes and their many substrates,

,_ [ Item: Respiratory Gas Analysis

Present pulmonary function tests require a certain amount of exertion,

and are difficult to perform and record in order to obtain quar_tative determin-

ations of nitrogen, oxygen, caa_bon dioxide and anesthetic agents. Today, one

might use techniques of infra-red absorption, magnetic effects and spectro-

i I! graphic analysis- surrounding the patient with racks of equipment. Con*Anuous
flow rate monitoring together with automatic sampling, analysis and recording,

"I L incorporating miniature single-breath analysis techniques could enable clinicians

l to examine pulmonary functions routinely.
In addition to better ways of analyzing total pulmonary performance, it

q l] must become possible to analyze vascular and gaseous diffusion of individual

.. pulmonary lobules in order to conserve the mmxLn,um amount of functional tissue

"' _ in lung surgery.

Item: Identification of Cells

Means of identifying congenital defects by microscop.c examination of cell

nuclei are needed. At uhe more fundamenta_ research level further development

of ultramicrochemical techniques for analysis of _he chemical function of a single

cell will make possible progress in the field of genetic transformation.i

There are devices available today which automatically recognize and count

|
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the number of certain types of cells in a carefu!ty mounted and staL__ed specimen.

E,l_neering advances needed include not only more sophistication in automatic

discimination of cell types but greater ease in preparing the sample for automatic

analysis.

Item: Identification of Organisms in Aerosols and Fluids

Culturing of material suspected to contain pathog e n, c bacteria is time

consuming, and frequently the specification oJ the optimum treatment must be

delayed untL!the bacteria have grown sufficientlyto be visible. Some means of

avoiding the prolonged period of culture is badly needed. Sophistication in the

i to identification(e. of for detection
approach g. use polarizing spectrometers

, of asymmetric carbon atoms, etc.) and use of biological analog systems (an
I

!
outgrowth of work in "bionics") are indicative of the engineering contribution

] needed.i

4. Aids to Recognition of Physiological States and Patterns

I
The technology of automatic pattern recognition, and the sciences of urider-

I lying it are contributing now to such problems as language translation, and

} screening of cloud photographs. Aoplication of this technology to automatic 4

classification of x-ray images, and detection of cancerous cells wiL greatly !

facilitate public health service in disease detection. I

In addition to automatic recognition of spatial patterns, there is a need for

devices to identify abnormalities in temporal patterns of physiological data, making

: i
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.;
•_ itpossible for machines to truly assist the physician Jn identifyingthe ways in

_hich a patient'sstate differs from health, and selecting the parameters which are,

for a p_uticular patient, the most important correlates of his present and probable

future condition.

, 5. Tools for Research and Clinical Treatment

i Ii_m: More Precise _vug T: _ .tmen.
!

i a very necessary develo@ment is means of deli,,eringdefinite amounts of

antibiotics to sequestered sites, such as abscesses to avoid side effects of treat-

| n.ent. Perfusion techniques for treatment of cancer must be made more precise.

{_ Rapid, e_v to administer, teu_s for determin_,g am indivual's sensitivity to a
1

l

C' given antiobiot_c w.}uld expedite cirug treatment.

1:
Item: Eq,,ip,..-_nt for A_tomatic Monitoring and Treatment

Continuous, automatic mom_cring of physiological parameters has been

discussed in seve,-_.lsections of this report, _.ndthe engineering advances needed

in the various elements of such system: have been identif,_ed. Refinement of such

equipment should :n.akeitpossik!e to provide automatically cc._aip simple services

to patients, and control of fluid adrnimstratlon in post-operative complications

and burn cases.

H Bacterial filters for the protection of the patient dur_n_ surgery are needed,

and it would be highly desirable to provide(by electrostatic precipitation, ultraviolet
radiation, etc.) large germ-free areas in every hospital for the protec'.ion of

I bio-d_namic s, inc.
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, open-treatment burn patients, and patients whose natural mechansims of
]
I

', immunity have been rendered ineffective.

,I Tools to assist the surgeon in manipulating, stitching,etc. may reduce the
'i

i time required for majo" operation_, and thusly reduce the risk to the patient.

i Item: New Materials
I

I

;,I ' Certain properties of materials which are ordinarily of littleor no concern

I-
I to the engineer are of vitalphysiological importance; they include surface-
h

wetting characteristics, inertness in the presence of organic and inorganic

eompounts, etc. Engineers a.p.d physicists have made, and are e_-pected to con-

|
, tinue making contributions to an understanding of cio'_tingmechanisms and their
J

•_ control. Materials technology can be expected to provide improvements in the
i

i nature and variety of both the mundane materials of the surgeon - sutures and

I dressings - and the dramatic artificial equipment which the surgeon will be intro-

ducing to healing - synthetic valves, joints, piping, etc.

:l Item: Use of Novel Physical Phenomena

'/ The physician has used heat and cold for treatment since medicine began.
}

More recently he has employed the energies of electromagnetic radiation (x-rays,

microwave, ultra violet, infra-red, laser, etc. ) ultrasonic vibrations, high

i I pressure and other media to affect processes livL_.g systems.
the of Considerable

- attention has recently been given to "cryosurgery" - application of severe cold for

the destruction or temporary suspension of physiological _ubsystem activity. _:

i
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' I Engineering advances in control of tbe amount of energ_ , imparted in location

of the application and in monitoring the functional effect are needed in all of

_ [ those areas.

_- In addition, +h e physical sciences and engineering must contribute to

_ exploration of use of electrical and magnetic fields as therapeutic agents. One

t_ application of electrical energy which seems to have been further advanced

in the USSR than m the West is its use in the place of drags to induce unconscious-

ness.

[
6. Replacement Parts

! One of the most exciting prospects of medicine :.s the replacement of diseased

or otherwise inadequate parts of the body by artificial components or "borrowed"

F
Living parts. There is also the possibility of providing assistance _either tempor-

! ary or permanent) to impaired physiological subsystems.

_. Representative of the more straight-forward contributions engineers can
make to bring about these possibilities is the storage of large amounts and varieties

of cadaver tissue, and the system to provide natio:_.al (or international) inventory

control, rapid access and delivery. There is more sophisticated engineering
assistance needed in developing material compone,_ts, and systems to facilitate

replacement surgery. In providing artificial assistance to the Mdney, for

example, the capability of the kidney to remove toxin from the blood by dialysis

must be replicated. Current artificial kidneys - which use synthetic membrane -

bio-dynamics_ inc.
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coula " : improved by the development vf a material wr,ic _ could perform as

a variable-mesh membrane, changirg the dialysis progressively from the larger

to the smMler particles.

Permanently implanted standby or supplementary devices have been proven

practical in the case of cardiac activity control with the development of the

artificial cardiac pacemaker. In terms of the goals cited earlier, the function

. of the pacemaker - prodding precise electrical stimulation to the heart - seems

modest enough, but the fact that a man-made system was designed to mimic a

physiological function, and has successfully operated in patients' bodies for long

periods, thereby permitting the pursuit of normal activities for long periods of

time, is aus._icious.

Lc_i gely under sponsorship of the Veterans Administration and the Voc__tional

RehabilitationAdministration considerable attentionhas been given to develop-

mePt in hhe deaf, bli-ldand crippled. There is an enormous amount of work yet

}
!

to be done, for despite the e;fortsto date no substitutehas been desioned for

normal ser, soryor motor perfurm_rce. Prosthetic members have advanced

furthest, but a satisfactory "hand" still eludes the engineer. Work in the area -_-:.

of prosthetics and se,_sory aids seems to have _'een characterized historically ._

by "brute force approach" (which solved the problem of th_ ]ess severely impaired),

then a retreat to more basic study of th_ physical, physiological or psychological I
$

function to be replaced, and then a return to hardware attempts. Surgical repair- '

bio-d_n_mic_, inc. i:
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I
I particularly in treatmen[ of hearing and nervous control disorders - has pro-

i

gressed.

b We are at a point, itseems, where the science and technology relevant to

i prosthetics and sensory aids have outstripped the abilityof interested engineers

i to apply it.

; I E. General Needs of the Life Sciences and ._J.cdicine

i In June 1963, the Department of Health, _ducation and Welfare, published

a series of papers on "current and emerging ls:_ues" " in areas of concern to
m_

l _ the Department (95). The document identified the following among others, as

i topics_ of great and growing concern:

He alth

Air and water
.: Chronic conditions and disability

Mental Retardation

- !_ Hospital facilities and costs
,m -

Education

En:'ollment and attainmentLibrary sere, ices

WelfareThe aged

How can the space program contribute to solution of problems in these areas ?

The answer to this question must be given with respect to each problem. There

_' are bound to be many activities underway in the next decade addressing these

problems which will not reflect in any way the existence of the space effort.

I _This list paraphrases the Department's list.

I bio-dynamic s, inc_____.
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However we cnn state that if the will and the funds to apply space derived

technology are available, the space program has demonstrated that technology-

exists, or is attainable to:

I. remotely observe and control vir":,__11y o__y cbaracterlsTic of the
phy.,ic al environment.

2. transmit large amour.is of data, and analyze these data automatically.

3. match men - machines and environment to achieve optimum (objectively
measurable) performance.

4. simulate virtually any machine-bared task and environment.
;

I Imanginative and sufficiently fund2d a_llcation of these abilities can have

i a profound effect upon health, education and welfare. In the meantime, it is

expected that the present and growing technology of the space program will con-
!

t tinue to improve the existing tools of hfe sciences and medicine (96) and contribute

to their becoming more uniform in performance and more economical.

Equipment for automation of non-professional hosn_t_] ?,,_ct_n_ (h_u_o-keeping,
:1

', I record maintenance, environmental control, et=. ) will greatly _a_¢_ the adminis-

} tration's current cost crisis. Both number of personnel employed by hospitals

and payroll have it.creased sharply in the last decade, w_th personnel up about
:l

i_ 70% and payroll higher by nearly 300% (47a). Th_ incr,.ase in annual payroll

is considerably less than the net increases in assets of all (97),hospitalsexpense

implying that, unlike most other technology-based "ind_ustries" hospitals have

not invested heavily in automated equipment in reccnt years. Further indicative

bio-dynamics, inc.
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of this is the fact that whil_ the number of doctors has increased at about the

same rate as the generr.i pr._ulation {,_.....+R_ _^ :: deca_--. -_:_._"nalf-again as many

,-egistered nurses wer_ ........ o _:: :r':- _o,,lpared wi'.h 1950, sub-professional

v'orkers in virtually all categories more than doubled - contrary to the trend in

industrzes (98). It is the automating of the function per-virtuallyall other " " "
t

' formed by these sub-professionals that technology _ust be applied to ifhosnital

costs are not to rise beyond reason.

"- I i :_ Finally, the de-_elopment of better instrumentation for biD -science research_ ',,.,,A ,,,. ZAI. _,.S _ ...
relieving the _2ifc_=^-*_ + from +he "chores of equipping and administering with

I_ which he is sing_L_arly burdened- should make more productive l_l-_anpower
,

viewing the impact of science upon industry and medicine, argued for more

! basic research whose the "fuel" for the

I _, scientist(and the clinician and engineer) (99). Others (e.g. Stover, I00) urge
U

the abandonment of those "present patterns (which) encourage the subordination

] of science to technology, and the exploitation of both", and recommends that

_ _ the basic scientist be relieved of administrative burdens.

in
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I VI. CONCLUSIONS AN/ RECOMMENDATIONS

A. Conclusions

I I. Summary of findings

How has the existence of the space program affected medicine, and

what impact will space science and technology have upon life science research
.|

_i and practice_ The preceding section presented a discussion of the nature and

exten_ of the effect activities have had andmay have in the future. Thespace

transfer of space-derived science and technology into biomedicine has thus far"-I

been observed mainly in areas having problems similar to those of aerospace

_] medicine. Thus the earliest instances of transfer of innova-significant engineering

tions occurred in physiological rronitoring. Similarly, hardware developed or

i
refined to meet space medicine's need for detection of space cabin atmosphere

-] constituents also meets cl.i.nicM and research neec _ for environmental gas

i{ monitoring, and space-derived equipment is no,,' marketed commercially.
Beyond these and other representative cases of hardware transter, space

'l; medicine and biology zs generating information and developing procedure,_ which

have already begun to be incorporated into ngn-space biomedicine. The problem-1
involved in insuring that space crews survive and perform lengthy missions

satisfactorily in ar_ artificial, hazardous environment are stimulating research

that wl]] be _pplied, for e,'.ample, to care of cardiac patients, assessment of

"health", and preventive medic_,e in industry.

}

i
L
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_._ The space medicine effortis resulting in the development of facilities

in contractor plants, NASA centers, and, eventually, in space, which might

be used in the future to address problems of no immcdiate consequences to

normal space flights. The effortdevoted to the medical problems of man-in-

space is producing a corps of engineers and physical scientists who are con-

versant with the language and solution constr'Mmts of medicine.

Then the activitiesof the space program that are termed "space medicine",

I _ "space biology", "biotechnology", etc. have already affected life science
i i

research and clinical practice. However, the portion of the space program

i devoted to life science problems i_ but a small part of the total program. What

effect has there been on medicine of the vast expenditures for development of

;ill
propulsion systems, vehicle structures, control and navigation devices, etc. ?

- While, the preceding section described a few cases, instances of life science

erploitation of space system designs, materials, etc. have been rare. In fact,
were there numerous instances of direct application to medicine of hardware

I i designed to support space flight, one would be led to question the efficiency of

space system engineerir, j; the commonability of design criteria between life
science equipment needs and the needs of space flight are few. This is not

meant to discourage efforts to ferret out opportunities to utilize space technologies

in the space program - indeed we recommend that activities ¢,f this kind be
intensified - but Jt remains true that, apart from space medicine and biology,

I bio -dynamics, inc.
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the space program will contribute rnol e byproducts to the technologies of such

industries as communications, trax_sporta_ion m_d electronics manufacturing

I than it will to biomedicine.

t Although the catalog of space-dervied medical devices !s not a large one, it

will by no means describe the total effect of the ;pace science __nd technology.

The techp/cal resources - personnel, facilities and management - now being

directed toward exploration of space may be par+taLly directed _oward intensive
_1

attack upon h!,_,mcdlca!, p_oblems. This is already ;_a_pening in the case of

!
seve:-ai space contracto,'=, who, with company funds, by and large, are address-

1 ing their engineerir,g skills to such problcms as hospital d_ta processing,

development of biological analogs, automatic analysis of electrocardiograms,

automobile accident prevention, etc.

Exchange of information between space scientists and life scientists outside

of the space program must take place through the existing channels of communica-

tion used by life scienti._t's. Innovations resulting from space program activities
i

: must compete for the scientist's attention with the growing number o_ new ideas ,

being generated within the life sciences. If NASA is to expedite the transfer of _,
I "

I_

science technology the agency must take into _ccount the differences Ln ir, fo,'- j_
t:

i mation-seeking habits of the various specialties. In fields such as genetics and ',
i-

artificial organs, for example, the pace of research requires that the scientist _;

I rely heavily upon information communication. Along anothe, dimension - o

[
! .
F
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| extending from bas_z research to clinical research -the information requiren_.ent

T varies from detail information about relatively few subjects to less detailed

! information about a great number of subjects.
1

, Perhaps the greatest barrier to utilizationby the lifesciences of the resevoir

I
of science and technology generated under the space program is the problem Gf

i "_ranslation" of physical science and engineering information intoterms Which
.|

i] are me_]ingful to life scientists. However, the number of physical scientists
l I-

and engineers engaged in life science research programs is growing, many

I i-[' medical and engineering shools during the past five years have established formal

!Ii- or informal cross-training programs for engineers and. physicians, and new
J

interdisciplinary journals have been established to facilitate communication

among those whose work bridges the life sciences and physical sciences.

l i The shortage of physical science - life science interpreters is not the only

deterrant to rapid adoption of space-derived innovations in fields related to

medicine. The following are other conditions of the "market" which must be

modified, or taken into account in attempting to accele cate the flow of physicall

science and engineering ideas from the space program into medical research

and practice.

•l_ne extraordinary complexity of the subject matter of biomedicine (living

i systems) makes it difficult to evaluate t21e usefulness of new or refined means
of study and treatment. If the technical value of a new biomedical tool is hard

!
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to determine, the eco_.omic value of medical diagnostic or treatl-_ent equipment

often simply cannot be determined. The uncertainty attending innovation accep-

tance decisions in the life science tends to delay and imFede _doption of change -

though thp increase of federal support for medical research and clinical facilities

in recent years appears to have increased willingness to take risks in invest-

ment of time and funds for innovations.

It appears to be more difficult for hospital administrators to allocate capital

and eperating funds for hardware innovations than for personnel costs.

Because of the shortage of engineers and engineering technicians in medical

| fields, and the relatively srnaklnumber of lifescientiststrained in engineering,
J

equipn_ent must be (expensively) reliable and straight-forward in operation.

Because NASA is primarily a mission-oriented agency, only a small portion

of the efforts of its own and contractor personnel is devoted to exploring ways

of applying space science and technology to medical innovation needs. It is left

:] to the life science community, and to the manufacturers serving it to match the

] needs with available space technology. As indicated earlier the demand forI
change - new or markedly improved products and services - is not yet large

enough to stimulate sizeable private investment in application and transformation

of advanced technology.
|

The transfer of space technology into biomedical specialties is proceding j

i
I at a modest though accelerating rate. In general, life scientists are dependent

f
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,! [ on industrial firms for the application of aerospace innovations to improved
_ techniques useful in non-aerospace biomedical areas now most often reaches

[ user scientists only af/Ler lengthy delays, if at all. Improved communications

will help this transfer, but the effects of recent improvements and those now

| planned or recommended in the preceding section will require considerable time

i [" before significantly changing this situation. Active measures even of a temporaryr.

. [.. nature, should be taken to promote adoption of aerospace program innovations
'. and exploitation of new knowledge gained from this program.

_ B. Recommendations
"_ L"

This repo_ has summartzed our findings regarding the effect the space

: [
program has had, and can have upon medicine. Reviewing the habits of life

scientists with respect to acquisition of information from o_her disciplines, and

J E pa_erns cf innovation acceptance, we have identified the kinds of contributions
the results of space scienfific and technological efforts can make. A certain

_ amount of technological transfers will occur whether or not there exists a formal

_. NASA program designed to effect transfers, but we believe the life science com-
munity would greatly benefit if NASA continues and expands its effo_ : to facilitate

transfer of it_formation. In a sense, promoting the use of space-derived science

I and technology is a marketing problem.

Within this conceptual framework, clearly the primary lack of the producer

and seller - NASA - to define its product line: a continuing assessment of what it

!
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is that it has to "sell" to the life scientist. Thus managers of NASA and• I
representatives of life science community interests must together take stock

t of the body of knowledge being generated under the space program.
_o

We believe that this can best be done by identifying ueeds and areas ef
i

need which exists in medicine - such as those outlined in Section V, and a+.the

same time "search" the NASA information inventory for scientific material

(data, theory, methodology, etc. ) and technology (problem-solving techniques)

which is releva,_t to those needs. Initially it seems that a modest effort along

the following lines would be useful, and its performance would yield an indication

i of the cost/effectiveness tradeoffs in efforts of thi_ type.
Identification of Needs for Innovations in Life Sciences

I The first step would be to identifyand solicitthe cooperation of individualsi+ .

i having interest in space program - life science communication, Representative
I

of versons who are familiar with the needs for innovation in the life sciences are:

i1 1. Individuals having demonstrated unusual inventiveness in research or

i ! clinical practice (could be identified by officers of the approximately twenty major

life science professional societies).

j
=_ 2. Professional massagers of formal communication within the life sciences

a. Editors of journals

b. Director of abstracting and information exchange service
, _, c. Marketing executives of drug firms, medical apparatus companies

and basic materials manufacturers (plastics, metals, etc. ).

I

it +

!,
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3. New-products managers

Space contractors which have developed an in-house life science
a.

capability
b. Medical equipment firms

!
4. Federal and private sponsors of advances in medical research and

practice.
5. Educators

a. Medical school and lifescience department heads

b. Professional society education committee chairman, annual con-
vention program chairmm_

j. 6. Specialists in physical science and engineering utilization in medicine
a. Bio-physicists and bio-mathematicians
b. Medical engineers

7. Participants in the transfer of space science and technology to medicine
which has occurred thus far

a. Space medicine specialists
b. Consultants to the space medicine and technology utilization programs

of NASA, the Air Force and the Navy..
Having identified - though not necessarily contacted - roughly one hundred

individuals who could contribute to compilation of a representative list of _.:eeded

innovations, NASA-OTU might +_hen e_*tablish a framework within which the needs
are to l=e described. Such a framework might be of the following type:

|
|
!
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Life Science Professional St_ecialtZ

ProbleSfi_il_tpYr_blem a-2 I Specialty n

Context:

Significance:
Constraints

or solutions:

Inadequacy of what
is now available:

Known current and
I recent efforts to

solve this problem:

i] Data Acquisition

] Data Transmission
L

Display, or Storage

Data Analysis

Means of Physical orChemical In*.e-ventions

, _aterials

Theory to Fit Observed

Phenomena

Experimental M':.dloa-

ology (Design or Pro- i

cedure)

_ Operational Techniques

._ to Reduce Cost or Increase
Effectiveness

Planning Techniques

! ,
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i The actual solicitation of problem statements could be by correspondence

or meeting or some combination. It will be important to inform those cooper-

atmg of the need for specificity in statement of problems.

Problem statements migtlt then be given an initial screening to eliminate

from further considerations those problems which are too trivial or too intract-

able. Also to be set aside are problems for which a solution is likely to be

readily provided by industrial products or services or result from present or

programmed research elsewhere. The remaining problems would probably

need some refinement in specification.

IdeatLfication of Available Relevant Space Science and TechnoloKy
Tb_ matching half of this effort to "inventory _' the knowledge that the space

program can contribute to the life sciences is to review space program activities.

There are within NASA a number of physicians, physiologists, psychologists,
bio-engineers and others who are familiar with various aspects of _.. space pro-

gram, and are also familiar with innovation needs of life s_iences. With their

assistance, and the cooperation of major program management personnel, the
next step would be to make a first pass at identifying proje;cts - or areas of

work - which appear to be closely related to needs of medicine and its supporting

I sciences. The product of this review effort would be a catalog of projects having

elements (e. g. sensing, or display, etc. ) analagous to those identified in the

innovation-need statements.

l bio-d_rnamics, inc.
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We recognize that such an orderly approach will achieve "matching" of

more than a fraction of needs - available technology situations which exist.

There will be many opportunities missed, and probably a number of "false

alarms" - matches of needs to technology which simply carmot be made because

.L of economics or other considerations.

Development of a Prograln to Disseminate the Items of Possible Transfer
" Which Have Been Identified

Once the re has been identifiedthe "inventor_;'of available relevant technology,

there remains the problem of promoting the use of this information in the life

sciences. The purpose of this dissemination effortwould be to inform potential

application and user groups of the availabilityof the knowledge, to stimulate the

interest of lifescientists and ir2ividualsin the space program as a source of new

ideas, and, fire.ally,to assist in educating the lifescience community as to what

] kinds of technology are available - to lower their resistance to innovations.

Before designing the program of activitiesto effectdissemination, NASA-

OTU mus._ decide several significantpolicy questions. Among them are:

i. What proportion of the space program, funds and human resources are to

be devoted to assisting + e transfer of technology to medicine and to allied
sciences?

2. What criteria are to be used in deciding upon the emphasis to be given

to transfer of various kinds of potentialtransfer? For example, how

should the emphasis be divided between trying to assist flow of ideas to

public health cliniciansor basic researchers ?

3. What measures are to be used in monitoring the effectiveness of technology
transfer efforts ?

bio-dyn ..amicsA inc.
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4. What strategy should be used in designing the technology transferassistance program? The following represent alternative broad

strategies which must be defined and evaluated:

I |. a. Minimize time lag between recogrdtion and specificationof need and• transfer of technology.
7._

_ b. Maximize n,_mber of individualswho will receive some exposure to

instances of technology transfer.

I_ Co Concentrate upon effecting the transfer of some item - in the extreme

providing production and marketing assistance to manufacturers which

i_ _ canse_ve ascases"

d. Condition the life ::c_ence community to looking to space science and

i- technology for approaches to solution of their pz obiem.

! We recommend that NASA solicit the view of its own technical personnel
r

• _ and life science commur/ty leaders such as those described above in the course

of considering such alterr, a_ive strategies. After the policy objectives and gen-

eral strategy of the transfer-of-technology-in-medicine program have been

decided upon there remains the task of designing the program, and establishing

_, the administrative mechanisms for operating and monitoring it.

Program Design Considerations

1. It appears to us to be vital that NASA coordinate with other agencies its

i efforts to facilitate the transfer of technology into medicine.

a. Having primary federal responsibility for the health of the nation,

I the Department of Health, Education and Welfare is charged with being aware of

present and future needs for improvement of knowledge and means of applying

!
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it. The Department has effortsunderway to facilitate*he flow of ideas from

i its own research progl am, to the life science community, and there are many

'_i areas in which NASA and DHEW may collaborate.

"_i b. Representative of the ways in which NASA and Department of Defense

;j can collaborate in accelerating the dissemination of space science and technology
l

i
is the possibilityof working through the existing Medical Education for National

Defense program of DoD. The MEND prograzn employs medical school staff

personnel on a part time basis to make reports of n_ilitary-supported life

science research __v,Ltiableto medical students and faculty. In addition, the

program - relatively modest in scale - provides medical school libraries with

subscriptions to such journals as Aerospace Medicine, Military Medicine, etc.,

and arranges symposia.

_, The Defense Department has another program which is related to NASA's

znterest in technology utilization - planning the diversion of military contractor

capability to non-armaments activities.

2. NASA encourages its professional personnel to partzcipate in the activities

of their professional societies. In addltion to msintaining this policy, the agency

might consider the following:

a. Encouraging - or requiring - that students who hold NASA life-science

fellowships become acquainted with space program activities relevant to their

professional interests.
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; b. Expand efforts in joint sponsorship of biological and behavioral science

symposia.

| 3. Increase the motivation of individuals in NASA centers and contractor

E facilitiesto identifyopportunities for transfer.I
I_4

An activity is self-motivating to an individual when its pursuit leads

'I [i him toward personal growth, and/or satisfaction from working with a "good"

:_! i] group, and/or achieveme, t of stated goals of the organization, Because a

_| mission oriented center, or a profit oriented contractor cannot be expected
;t [;

place a high on efforts of its employees to identify opportunities
to value the

!_ [- for technology transfer to medicine, personal satisfaction and social and

financial rewards for such effort may in some situations be best provided by

OTU outside the line organization.

4. The Aerospace Research Application Center at
concept developed

Indiana University may be applicable to scientific and technological transfer

!_q in the life science context, and the Center's in defining the

experience space

_.j-_ program's activitiesrelevant to a subscriber's interest would be partlcular]y

i valuable in planni_,_ dis_eminatlon of innovation information to llfe eclentlete.
5. Mana_mem of information dlseemlnatlon acttvitlee,

analytic methods preeented by Rogere (24) and other etudents of dtttueion
The

__ _ tnnovatione can be a great aid in designing and operating the efforte of NASA
i

to facilitate the use of tie technology in medicine, Rogere conceivea of the

-t
/
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_, processes mvolved in adoption of r.ew ideas as. generation of +he innovation,

il and communicatton about it occuringwithma social(or economic) system,

,} over a period of time. During this period of time potential users of the inno-
i

• vation may become aware of it, _y try it and adopt or reject it. There are

, in theory, optimum activities that the "transfer agent" (here, NASA-OTU)

can select at each point m the diffusion process. Refining the conceptual

descriptions of Rogers, and observing the advice of such students as _inn

'I and Mueller ("identify and examine resistance at critical technological _rans-

fer points") should produce a format for each part of NASA's plan for

facilitating transfe r.

Management of the flow of information from the space program to the ife

r! sciences could benefit from use of PERT techniques to plan and monitor

efforts.
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APPENDIX

NASA QUESTION_NAIRE

A twenty-two item questionnaire was used to obtain information on the

exchange methods used by NASA supported researchers. O1"the 58 o-,cs&on-

naires sent out, 36 were returned (about 62 percent of the total),although

three of _hese were returned blank. The recipients of these questionnaires

_ere engaged in research in the lifescience_ [medicine, biology, physiology,

i etc.), and were selected from the NASA grants and contracts list (Grants
and Research Contracts, Office of Grants and Research Contracts, NASA,

-j Washington 25, D.C., July, 1963. ). Questionnaire recipients' grants or con-

i 1 tracts maybe subdividedintothree categories: first, those thathavebeen
completed; second, those that are still in progress; and third, those that have

-! been recently awarded. Figure 1 shows the distribution among these care-

] gories and the duration of NASA grants and contracts of those individuals
who returned the completed questionnaires.

Oue stions

i. At how many domestic scientificmeetings have your NASA sponsored

research results been presented?

2. At how many foreign scientific meetings have your NASA ._ponsored i
research results been presented?

;1

II 3. At how many specialized conferences ,rod symposia have your NASA
sponsored research results been pre_ent_d 9

t]

t-
t-

1] ,l
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Figure I _d

o

o _ o

D11rs*Jnmnf NA.qA C'_n*Y.s,_

' [" 34 6/63-12/64 ' , ' _ ) 18
I I I I

_ ' 58 6/63-6/64 , , , ¢ , ) ,, 1229 5/63-5/64 ' , _ .) , 12

I '18 4/63-4/65 _ ' e---- ) 24

' ' 12
' 13 4/63-4/64 , ' , ( ) ,

, II 4/63-4/64 ' ' ' ( ' ) , 12
' i 45 4/63-3/64 ' , ) , 12

27 3/63-3/66 , , ( 36

. 14 2/63-2/64 , ( ') 12 .'I 3 1/63-i/64 .. 12

37 2/63-1/64 , ( ) , 12 l
12 12/62-12/65 _ ) 36

' ' 12[. 46 11/62-11/63 , ( )
!

55 9/62-9/64 _ ( ' ' ) ' 24 1
, l 12 133 6/62-6/63 , ( ) ,

L[-- 59 6/62-6/64 , ( ' ) , 24 3
2 6/62-6/64 ' , ( ) , , 24!

' • • ' I 949 3/62-12/62 , . . ,

,1 1/62"12/62 , , , 12
41 12/61-!2/64 ( .. ) , 36

57 II/61-2/63 _ )') , , 16

Ii 56 10/ 61--10/64 , ' ) ! 36
|_"

4 10/61-4/63 _ ) ) ' , 18 1

62 I0/61-I0/65 ( (' ) ), 48 2

' ,15 9/61-9/64 ( ) ) _ 36 2
25 5/61-5/64 ' f ' ' ) ' ) ' 36 1

60 4/61-3/62 ' ' ' ' II

, ( , ) , , ,21 li]60-11/63 (' ) ) ), 36
I I

47 I0/60-I0/62 ( :; ; ) , , , 24 2

U 30 7/60-7/66 ( ' , ' , 72 732 6/60-9/64 ( i _. , _) ' 51 4
28 4/60-4/65 ( ) ) 60 14

t

53 4/60-4/64 ( ' ) .. ) ' 48 1
I ( o !

7 3/60-5/64 b- ) ) 50 2

- I I I _ I
1960 1961 1962 1963 1964 IZJ65

U * Technical Publications

U
!I
I

1965007331-188



T

, ii

Answers to these questions are summarized in ]_igure 2. The duration

over which the contract has been in ef:'ectmust be considered in interpreting

the significance of the individual responses. Th_ results are in two forms:

first,the meetings attended are given for each r_spondee: second, the totals

are given for each type of meeting attended - domestic, (90), foreign (14),

special (38).

4. Are financialarrangements with NASA adequate for a:tendance at

sufficientforeign and domestic meetings _

The responses are as follows:

domestic meetings 23 yes (adequate financiM arrangements)
7 no

2 no funds requested
l unanswered

fore:gn meetings 5 yes
20 no

2 no funds requested6 unanswered

:I 5. In how many books have the results of your NASA sponsored research
|

appeared v

t '25 none of NASA sponsored research appeared in books 4
6 NASA sponsored research appeared in books i
2 NASA sponsored research is in preparation for books

° 6. In what commercial publications (e. g. magazines, newspapers, in

, house publications, etc.) have results of your NASA sponsored research
' appeared

23 none of NASA sponsored research results appeared in commercial

publications.

7 NASA sponsored research results appeared in the following com-

mercial publications:

if bio-dynamics, inc.
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, I Figure 2

.Number of meetings attended
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I iii

Time Medical NewsweekNewsweek GE Newspaper (plant)
Aviation Week Bioastronautics

- Missiles & Rockets Science Service

! Local Newspapers University of Arizona Publication
AP release Medical World News

! 2 NASA sponsored research results in commercial publications.
but sources of publications are vague. One respondee said that hs

; research results appeared in many commercial publications; another
gave 20-30 publications.

I 1 NASA sponsored research results are in preparation for publishing
I in commercial literature.

7. In what scientific journals ? (have your NASA sponsored researchappeared).

7 NASA sponsored research has not appeared anywhere (no explana-tion given).

t NASA sponsored research has not appeared anywhere - support hasstarted only recently.

:i 1 NASA sponsored research has not appeared ai.ywhere - project not
- completed.

2 NASA sponsored research results are in preparation for publication.

1 NASA sponsored research results are in press as of the time of

answering the questionnaire. :-

17 NASA sponsored research results appeared in the following

i] scientific _ournals:

Aerospace Medicine 2

American Journal of Botany _,' American Journal of Pathology

American Rocket Society Journal ¥

Biochemica et Biophysica Acta

ii bie-d_-namics, inc.
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[ Circulation• Crop Science

_: _- EEG Journal

] Experientia
Experimental Cell Research

!- Experimental Neurology

Federal Proceedings

i Industrial and Engineering Chemistry

I I- Journal of the American Institute of Chemical Engineeringi_ Journal of Cell Biology
Journal of Experimental Botany

i- Journal of Molecular Biology

i Naturek Neurology

Perce.ptual and Motor Skills 2

• _ Plant & Cell Physiology
t Plant Physiology

Proceedings of the National Academy of Science

Proceedings of the Oklahoma Academy of ScienceProceedings of the 16th Annual Conference on Engineerin_ in

Medicine and Biology

Review of Scientific Instruments

F Science 4
t_

Transactions of the Finnish Academy of Science

[_ Transactions, Societ 3- Rheolcgy

_. Would you please indicate the title, reference, and estimated nta-aber

of reprint requests of your paper published in open literature underNASA sponsorship {Include domestic and foreign scientific journals).

U.
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18 NASA supported research results nave not been published in the

open scientific literature.

1 Answered incompletely - 20 papers and 500 reprints per paper.

15 gave references of the publications, which are listed below using

the names of respondees as the principal authors (some of these
references have not been checked against the publications and

inevitably some names of co-authors have been excluded - we
apologize for this omission).

!

Chambers, R.W. and Ba_lett, N. R., A Device for Research in Human

Information Processing Capacity, Percept. & Motor Skills, 15:343-350,
1962.

Black-Schaffer, B., Hensley, G.T., and Simon, L.R., Protection of the
Adult Mouse Against 1800 G Acceleration by Hypothermic Immersion,

Aerospace Med., 32:119-1126, 1961. 30 reprints.

Black-Schaffer, B., Protection by Deep Hypothermia and Immersion Against
2300 G Acceleration of a Non-Hibernator (rat) and Hibernator (hamster)

Aerospace Med., 33:286-289, 1962. 50 reprints.

Cooper, O.L., A Miniaturized 15-Channel Telemetry. Transmitter for Upper
Atmosphere Research, Proc. Okla. Acad. S_A. 42, 1962. 5 Reprints.

,; ............ Rochet-Born Instrumentation Equipment for Iomc Conductivity

Studies in the Upper Atmosphere, Proc. Okla. Acad. Sci., 42, 1962.
5 reprints.

Marrnur, J., and Greenspan, G., Transcription in vivo of DNA f rom bacterio- ;
phage SP 8, Science, 142:387, 1963. 500 reprints.

Marmur, J., Falkow, and Mandel, New Approaches to Bacterial Taxonomy,
Ann. Rev. Microbiol., 17:329, 1963. 500 reprints. _.

t

Kenshalo, D. Improved Method for the Psychophysical Study of the Temperature,
Sense, l_v. Sci. Insti, 34:883-886, 1963, 7 reprints.

Kenshe-_,o, D., and Nafe, J., Cutaneous Vascula_ Systems as a Ivlodel _'emperature

Receptor, Percept. & Motor Skills, 17:257-258, 1963, 7 reprints. _.

i
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i vi

Lederberg, J., Microenvironments for Life on Mars, Proc. Nat. Acad.

Sci., 48:1473-1475, 1963 125 reprints.i

Lyon, C.V., Auxin Transport in Leaf Epinasty, Plant Physiol. 38:567-574, 1963.
50 reprints.

Musacchia, X. J., and Neff, S.S., Absorption of D-Glucose by Segments of
Intestine from Active and Hibernating, Irradiated and Non-Irradiated

i Ground Squirrels, Citellus Tridecemlineatus, Manuscript Submitted to
: Trans. Finn. Acad. Sci., 1963. 50 reprints.

I Musacchia, X. J., Active Absorption of D-Glucose by Intestinal Segments of

I" the Ground Squirrel, manuscript submitted to J. Comp. Biochem. and
I 1 PhTsiol.

:- Mussacchia, X_J., Cooper, T., and Jellinek, M., Effects of K-Irradiation
; __I during Hibernation on Tissue Catecholamine Contents, Mandscript

Submitted to Experientia, 1964, 750 reprints.
I I-

__ Plasek, D.V., An Instrument for Measuring Torsional Creep and Recovery,
Trans. Soc. Rheol. 7:61-74, 1963. 6 reprints.

Proctor, L.D., A Computer Identification of the EEG in a Neurophysiological-

Behavioral Problem, Proc. 5th IBM Med. STrJposium. 200 reprints.

Sorokin, C., and Krauss, R. W., Relative Efficiency of Photosynthesis in the

Course of Cell Development, Biochem. BiophTs. Acta, 48:314-319, 1961.

450 reprints.

Sorokin, E. , Effects of Illuminm. "e Near and Below Light Satoration on the

Time Course of Photosynth_.sis in Synchronized Cultures ot Algae,
J. Exp. Bot., 12:5_-64, 1961. 450 reprints.

....... Time Course of Oxygen Evolution During Photosynthesis in SynchronizedCultures of Algae, Plant. Physiol. 36 (2):232-239, 1961. 250 _'eprints.

I ....... Time Course of Photosynthesis in Bi-carbonate Buffer in S_a:ehronized
Cultures of Algae, Arch. Mikrobiol., 40:418-429, 1961, 200 reprints.

!

!
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....... and Krauss, R.W.. Effects of Temperature and Illuminance on

CMorella Growth Uncoupled From Cell Division, Plant Ph)'siol. , 37_ 1)-
37-42, 1962. 300 reprints.

....... InhibiUon of Cell Division by Carbon Dioxide, Nature (London)
194(4827):496-497, 1962, 450 reprints.

.... -.--Effects of Acidity on Cell Division, Exp. Cell Res., 27:583-584, 1962.
450 Reprints.

....... Carbon Dioxide and Bicarbonate in Cell Division, Arch. Mikrobiol.

44:219-227, 1962. 450 reprints.

....... Injury and Recovery of Photosynthesis in Cells of Successive Develop-

mental Stages' Temperature Effects, Plant and Cell Physiol. Special

Issue. Studies on Microalgae and Photosynthetic Bacteria, pp. 99-109, 1963.
300 Reprints.

....... Characteristics of the Process of Aging m Algae Ceils, {Abstract),

Science, April 26, 1963, 150 Reprints.

' - ...... The Capacity for Organic Synthesis in Cells of Successive Developmental

t Stages, _rch. Microbiol., 46:29-43, 1963.

t ....... Buffering Activity of Algae Cells and Its Effect on Cell Division,

1 Exp. Cell Res., in press.

....... On the Variability in the Activity of the Photosynthetic Mechanisms,Submitted for Publication. Symposium on Photosynthetic Mechanisms.

....... and Krauss, R.W., The Dependence of Cell Division in Chiorella

On Temperature and Light Intensity, Accepted for Publication m
American Journal of Botany. t

Lancaster, J.H., Tischer. R.G., and Long, R.J., Human Feces as a f
Nitrogen Source for Some Green Algae, Dev. in Indastr. Mircobiol., Vol. 3

!i

(New York), Plenum Press. 1961.

Cody, R.M. , and Tischer, R.G. Microbial Synthesis of Ammal Feeds from
Human Waste Substrates, rleprinted from Dev. In Industr. Microbiol. Vol. 3.
(New York), Plenum Press, 1962.
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ir v ,i
Tischer, R. G., Tischer, B.P., and Cook, D.W., Human Feces as a Nut_ie,_L

for Algae in Closed Space Ecologies, Dev, In Industr. Micl"obiol. , Vol. 3
(New York), Plenum Press, 1962.

.... and .... , Open Sequence Components of a Closed Ecology, Amer. Biol.

Teacher, 25 (6): 444-449, Oct. 1963. 60 reprints in 40 days.

Cody, R.M. and Tischer, R.G., Quantitative Measurement of Urinary Nitrogen
and Total Solids Depletion in a Closed Ecological System during Microbial

Synthesis, Dev. In Industr. Microbiol., 4:261-267, 1963. 35 Reprints

in 40 days.

Tsuchiya, H. M., Continuous Propagation of Micro-organisms, A. I. Ch. E.J. ,
9:4b9, 19_3. 30 reprints.

....... , Mass Transfer Characteristics of a Venturi Liquid-Gas Contactors,

I.E.C. Proc. Design and Dev., 2:178, 1963. 50 reprints.

I i ....... , Opt. Conditions for Photosynthesis in Opt. Dense Cultures of Algae,

I A.R.S.J., p. 1429, Oct. 1961. 20 reprints.

i Waggoner, P.E., Optimum Lighting of Leaves, Crop Science (in press),i 200 repr_.nts.

[: Ziemnowicz, S.A.R., Technics of Regional Rheography for Monitoring the
Circulation in the Brain and in the Eye, Proc. 16th Ann. Conf. Engin,

Med & Biol., Nov. 1963. 34 reprints.

The following papers were presented at various symposia. It is not clearI :

Ii whether or not the proceedings of these symposia have been published.
Helvey, W.M. 2'he Effects of Prolonged Exposure to Pure 0 2 on human

Perfo_nance, 34th Meeting of Aerospace Medical Association, 1963.25 reprints.

Kenshalo, D., and Nafe, J., The Operation of the Tactile and TemperatureSenses, (invited paper), Symposium of the Physiological-Psychological
Brancb of the Office of Naval Research, March 1962. 7 reprints.
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I ix

i Marmur, et al, ColJSpring Harbor Symposium on C,ua.-tite=ive B_ology, Dec., 1963.

Tischer, R.G., Tischer, B.P., Brown, L.R., and Michelson, J,C.,

Electrolytic Treatment of Human Wastes for Use in Closed Ecologies,
Miss. State Univ. College, Miss.
Presented at AIBS meeting in Cornwalhs, Ore., 1962.

Nine of the respondees gave either the number of requested reprints or

the percentage of requests from different disciplines, but not both. It was

impossible to include their responses into Table I.

The remaining 14 gave no answer to the number of reprint requests nor

to the disciplines to which the reprints were distributed.

9. Of the total number of requests for reprints received it is possible

to estimate the number which originated in specific disciplines, e.g. chemistry,

physics, biology, etc. Only 10 questionnaires could be used to pool answers

for this request. The pooling was done m the followj._ F_manner: the percentage

of reprints in a given field was converted into a number of reprints. Then,

the number of reprints was added for e?ch discipiine m_d [h= percentage of the

total obtained. Table I shows the summary of results.

TABLE I

Summary of results showing the discipline of those who requested reprints from
9 r_s_ar_h _,-_=LL_._tSsupported by NASA.

Discipline Reprints Percentage

Biology 4021 84 I, '_"
t

!

j:.
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X

II
Discipline Reprints Percentage

11
;| Medicine 2 43 (5
'I
!
_I Medicine & Biology 225 < 5

I Chemistry 175 4

Engineering 70 _ 1

Physic s 24 _ 1

i Physiology 21 _'I
i

- , Total 4779 i00

i 10..What is the estimate of the average time lag between submission ofa paper _d publiea:io-o

] The -_,sv:_r__..tb_ __-..,on are _ummarizcd in Figure 3.

ii. Outside of formaz ..m:u,uasof scientificcomm,_Acations mentioned,

13, what techniques of sclentificuuv,:....,...... €�h�Ð�|�d:._se_Anationdo you consider
[ ! important ?

j 12. Do you consider these additionaltechniques more important or lessimportant than the formal techniques listedo

i Table II gives a summary of addit'onal techniques and their importance.Some respondees gave two or more additional techniques; therefore,

the frequency of responses is greater than the number of completed

}] questionnaires.

13. Do you apply other NASA or USAF research development (theories

or techniques) to your own rese_z.ch? (Could you give brief examples ?)

The answers to this question were as follows:

fl
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Figure 3

Time Lag Between "{w)n_1sion of a Manuscript and l'ubli(atlon

• roc. Nat..-_ca:!. :_ci. l

Science ) .....

J. Cell. Biol. ) .....
Amer. J. Physiol. ) ....

Exp. Neurol.

Aerospace Med.
Rev. Sci. Instruments )

Expe rientla )
J. Bacteriol.

Nature )

Biochim. Biophys. _qcta. )

Archiv. J{_r. Microbiol. )

Percept & Motor okills _.....

Plant Physiol. - ..... -)
EEG Journal
Trans. Soc. Rheol.

J. Appl. Physics
Blood

Biophysical. J. )
Amer. J. Cardiol.

J. Mol. Biol. )

J. Physical Chem. > "

Adv. in. Cryoq. Engnr. )

I.E.C. _ i

A. R. S.J. _ ;1.
_. I. Ch. E.J. )

Crop Sci. _ lliI"

Proc. Okla. _cad..Scl )

J. Exp. Bot.

SLAM J. _
Cospar- _pace ScL

Num. Math.

} All Journals m biol. _'" _ ..... _............ _ f'{_

i Journals in psychology , .....

jl I L__ _ ' I i5I _aL_I 3" rno. 6 too. 3 _o 12 too_ rno. m,_.
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TABLE I[

Summary" of results given to questions I0 and ii - frequency of responses.
- Formal methods of scientific communication:

,[ Domestic sc_entLfic meetings and committees

i Foreign scientificmeetings and committees

- Specialized conferences, symposia and congresses
._ Research results appearing in books

Research results appearing in commercial publications

I - Research results appearing in scientific periodicals

Additional techniques for dissemination of scientific information:

Technique Less Depends Equal More

.. . Important Impcrtant

"! i _ Scientific Meet-

• = ings 1

i'I J Congresses 1

-- Literature 4 1

Committees 1

; Symposia i I

' Visits to labs i 1 3 1; Personal meet-

ings 3 1 9 1

[_ Discussion 1 2 1Correspondence 2 4 1
Spe ake rs 1

}I Reprints(exchangeof li_ 1 1

Telephone 1 1 1

I!, Informal Symposia 1

[I 9 2* 21" 6*
ix

*Excluding the more formal techniques

i bio-d_namics, inc.
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| xi

I0 yes - NASA or USAF research development is _pplied to respondee'sown research.

-, 15 no - NASA or USAF research development is not applied to res-

I pondee's own research.

l limited.

I Lovelace Foundation

6 did not answer this question.

14. Did the essential idea or technique used in your research effort

originate specificallyfrom space program information o

15. Ifanswer xts yes, could you give specific instances of origin?

(e.g journal, report, etc.)

Most of the answers (28) to question 14 were negative; then question

15 was not applicable.

Two respondees did not answer questions 14 and 15.

Four respondees who answered question 14 affirmatively gave the

following e×plana*_ons to question 15:

I. Answer to question 14 - some ideas did so originate.

•i Answer to questlon 15 - conversation with a member of one of the
,I scientificcommittees, as well as my ow_ particlpation on another

com_rnittee.

i i
) 2. Answer to question 14 - ideas from space program problems.

Answer to question 15 - k¢,owledge of problem not specific, i.e.,

I journals and re_orts.il

3. Answer to question 14 • originated from AEC, AF, NASA, and articles I !
in many magazines. |
Answer to question 15 - A recunt example -- azticles by Fowles,

Curran of Stanford Research Institute, in Journal of Applied Physics. _
Also wrote directly to Fowles. r

bio-d;mamics, inc. k,.
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xii

16. Is the intent of your research effort directed specificall:: to the space
*4

[ program or do you feel the results will have ge_e_-al aTplication in
!

_. your academic discipline 9

17. In what areas do you feel the research results -vould have use ?

The answers to these two questions are summarized in the following!
t list:

i Research _fforts directed specifically to the space program.

Five grantees were doing work m the following areas:

i solid state

[ superconductivity
,_ space research

cellular replication
_{ behavioral science s.

_ [i Research efforts vgdl have general application in investigatcrs' academic
discipline.

!

l Four grantee s felt that application would be in the fo_Aowing academic areas:

li 1. physical s_iencesastrophysics
metallurgy

[: ul traminiaturizatior:
'i J

-- electron optical technology

2. lifesciences
bioche ml s*ry
biomedical ":esearch

I- microbiology

l_ cellbiology

molecular biology

biophysics

psychology-pe rce ption

bio -d_mamics, inc.
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"7 Eight respondees felt that results obtained from NASA sponsored research

would have applications in both the space program and in their (respondees) own

academic discip:ines. The following areas of application of results were listed-

t

i. Space applications

i space travel
i uses of radiant energy

waste treatment

i automation in processing biomedical data

_ life support-use of leafy plants to recycle 0 2 and CO 2
selection.

I 2. Medical sciences

-7 medical science
i
_ surge ry

cardiology
infectious diseases

3. Research areas

cell physiology
cell division

basic mechanisms of cellular functions

aging
photosynthesis

• !

propagation of micro-organisms

evaluatio1_of biological age

One respondee feltthat results obtained from NASA sponsored research would

have industrial applications.

Fifteen respondees feltthat results of NASA sponsored research would have

general application. Areas in which research results woula be apphed are as

follows:

bio-dynamics, inc.
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I I. Physical Sciences 4. Research Areas

astronomy expe rimental medicine

computer science medical researchcomputer simulation biological research

chemical physics genetics

applied _,nathematicschemical engineering 5. Phar_.acology
design and process of polymer articles

[ pharmaceuticals2. Medic_ Sciences neuropharmacology
food

I medicineclinical medicine 6. Other

clinicalcardiology

clinical ENT agricultu rehematology biodynamics
space application

[- 3. Biclogy, Physiology, Anatomy aeromedicM and space
L projects

biology

molecular biologymicrobiology

physiolo

[ plant physiologycardiopulmonary physiology

i- neuroanatomy
t_

sensory systems

[
l g. With how many colleagues in your institution do you discu,ss your work?

How many hovrs per week

The answers to this qaestion are given in Table Ill.

[
[
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TABLE IH

Summary of responses to question 18.

Respondees Number of Respondees Numbers of

Colleagues hours per week

2 2 1 !/4
5 3 4 1
P, 4 7 2

2 5 1 3
2 6 3 4 *

3 7 4 5

1 9 2 6
10 1 7

2 11 1 10
2 12 1 15
1 2O 1 20

1 3O l 3O
1 40

5 no response

19. Have these colleagues contributed sources of information with which you
were unfamiliar and which contributed to your research 9

yes no

The majority of respondees (28) felt that their colleagues contributed new
information. However, one respondee felt that the contribution of his

! colleagues was only slight;another feltthat such contribution occurred

seldomly.

i Only three respondees felt ,hat their colleagues did not contribute any new
: information.I
i

' 20. How often during the past year have you traveled to other institutions
! to discuss informally with collea_Jes your mutual work

!
I

The responses to this question are grouped in the eoilowing manner,

i

• median for those responding
I

_i

.,, bio-d$rnamics, inc.
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" I xvi

[ Respondees No. of Visits
&
_ 4 0

9 21 3

F 1 4

I I 1 56 6

: 1 9
2 12

i f 2 15
!

I 2 no response

I 21. How would you describe your library facility,. (Circle appropriate description) poor - fair - adequate - good- excellent

i i Responses to this question are as follows:
excellent - 13

_ ] good - 9adequate - 6
fair - 4

I poor - 0

One response listedthe university library as fair, but reported that

il a nearby library available to him was excellent.

22. Would you please indicate with a check which of the following journals

you regularly use as current information sources o

The summary of reading habits is in Figure 4 and Table IV. Figure 4

j
shows the frequency distributionof each periodical listed in question 22. Table IV

[ summarizes additional periodicals added by respondees to the listin question 22.

and in questions 7, 8, and I0. Table V provides a listof periodicals which are

*median of those responding.

I
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Figure 4

I I{eadin h _.ist from Question no. 2.

.1. M_th. Anmlysis & Appl. _-
T J. Amcri. r_iath.5oc.

- Astrophysical .l.

J. Chem. Physics-]
Amer..:. Botany
EFG J.

Physical R,ev.

Plant k hysioll
i'. Amer. ,,era. Soc.

Ann. i<ev. Psychol.
Rev. Sci. I.nstrum.

Amer. Rocket Soc. J. ,

Proceed. IR.E >

J. Aerospace Sci.

Aerospace Med. ,
Nasa Documents

Amer. J. Physiol.
N ature )

Lcience

1 l 1 t I 1 I I I J _ I {

•--4 ,,_ _ .--4 ..4 _ _ _'_

l
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used by the respondees for publications and for reading. Table V is based
on q_estions 7, 8, 10, and 22.

TABLE IV

[ Additional reading list

• ACM Comm. J. Appl. Physics

ACM J. J. Cell Biol.r . Amer Biol. Teacher J. Exp. Bot.
Amer Insti. Chem. Engnr. J. J. Nutrition.

I Amer J. Clin. Nutrition J. Theor. Biol.
.-. Amer J. Pathology

: Amer Math. Monthly Math. of Computers
i- Ann. Rev. Microbiol.

]_ Arch. Microbiol. Neurology
Astropautics and Aerospace Engnr. Numerische Mathematic

:, I- Atomics Nutrition Abstr. & Rev.

]. Aviat. Wk. & Space Techn. Nutritmn Rev.

• [ Biochem. Okla. Acad. Sci. Proceed.
I Biochem. Biaphys. Acta

Brit. Computer J. Percept. & Motor SKi/is

Bull. Atomic Scientists Plant & Cell Physiol.
Proc. 5th IBM Symposium

Circulation Proc. Nat. Acad. Sci.

• _ Cospar - Space Scien,=.,
I_ SiAM J. (Soc. Ind. Appl. Math. )

Dev. in Industr. Microbiol. SIAM Rev.

EEG Journal SteroidsExperientia

Exp. Cell Res. Trans. Firm. Acad. Sci.

Exp. Neurol. Trans. Soc. Rheology

Fed. Proceed.

industr. Engnr. Chem.

[
[
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XVlII

TABLE V

A composite list of periodicals which are used by the respondees for publications

and for reading.

Publish Read

ACM Comm. X X

ACM Journal X X

Advances i_r, Cryogenic Engineering X X
Aeros )ace Medicine X X

American Biology Teacher X X
American Instituteof Chemical

Engmeers Journal X X

American Journal of Botany X X

American Journal of Cardiology X X
American Journal of Clinical Nutrition X X

Amemcan Journal of Pathology X X

Amemcan Journal of Physiology X X

American Mathematical Monthly X X

Amemcan Rocket Society Journal X X

Annual Reviews of Microbiology X X

Annual Reviews of Psychology X

Archly. fur Mikrobiolgie X X

Astronautics & Aerospace Engineering X X

Astrophysical Journal X
Atomics X X

Aviation Week & Space Technology X X

Biochemica et Biophysica Acta X X

Biochemistry X X

Biophysical Journal X X
Blood X X

British Computer Journal X X

: Bulletin of Atomic Scientists X X

Circulation X X

Cospar-Space Science X X

Crop Science X :K

Developments in Industrial Microbiology X X

iJ
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;'! xix
,, Publish Read
'" EEG Journal X X

; Experientia X X
! Experimental Cell Research X X

i Experi_nental Neurology X X

1

; Federal Proceedings X X

Industrial and Engineering Chemistry X X

: Journal of Aerospace Medicine X

Journal of American Chemical Society X
Journal of American Insiituteof Chemical

Engineering X X
Journal of American Mathematical

Society X
Journal of Applied Physics X X
Journal of Bacteriology X X

t Journal of Comparative Biochemistryand Physiology X X

" Journal of Cell Biology X X

Journal of Chemical Physics X

Journal of Experimental Botany X ..Journal of Mathematical Analysis and

Application X

Journal of Molecular Biology X XJournal of Nutrition X X

Journal of Physical Chemistry X X

[_ Journal of Theoretical Biology X X
!

Mathematics of Computers X X

I Nature X X

Neurology X X

- Nume rische Mathematic X XNutrition Abstracts and Reviews X X

Nutrition Reviews X X

I
Perceptual and Motor Ski/is X X

Physical Reviews X

Plant and Ceh Physiology X
X

Plant Physiology X X

l .
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XX

Publish Read

Proceedings of the Fifth IBM Symposium X X

Proceedings of IRE X

Proceedings of the National Academy of
Science X X

Proceedings of the Oklahoma Academy of
Science X X

Review of ScientificInstruments X X

Science X X

Society for Industrial Applied Mathematics
Journal X X

Society for Industrial Applied Mathematics
Review X X

Steroids X X

Transactions of the Finnish Academy of
Science X X

Transactions of the Society of Rlneology X X

L

-]

_I

I
:!

:I
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